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Life Dates
John Broadus Watson was born in 1878 in Greenville,

South Carolina. Due to the divorce of the parents he

became a troublemaker in school and everyday life.

However, despite his laziness and violence in school

he was accepted to Furman University at the age of 15.

After graduation he decided to go the University of

Chicago in 1900. Here, Watson studied especially the

British empiricists and he took some philosophy classes

of John Dewey but confessed that he did not under-

stand Dewey. The functionalist James Angell and neu-

rologist Henry Donaldson had the greatest influence on

him. In 1903, Watson received his doctorate at the age

of 25 as the youngest person who ever attained a Ph.D.

at the University of Chicago. At this time, he began

a correspondence with Robert Yerkes who was involved

in animal research but never accepted Watson’s behav-

iorist position despite the friendship with him. In 1906,

Watson began his collaborative research with Harvey

Carr, a prominent functionalist at that time, on com-

plex maze learning of rats. In 1907, Watson accepted an

offer from the Carnegie Institute to study themigratory

instinct of terns. This research was done in collabora-

tion with Karl Lashley, later a leading figure in the field

of neuropsychology. In consequence of this research
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efforts, Watson had national reputation when he was

offered a position at Johns Hopkins University which

he accepted. Due to a private scandal in 1920, Watson

was asked to resign and he did. That marked the end of

his scientific career in psychology. He now started with

a career in advertising with enormous success until his

retirement in 1945 at the age of 67. Watson died in

1958.
Theoretical Background
In the first years of the twentieth century, the field of

psychology was in disagreement over the ideas of the

nature of consciousness and themethods of studying it.

Influenced by the Russian objective psychology and

American functionalism, a new school of psychology

emerged: the behaviorism. Watson can be considered

as a pioneer of behaviorism. Watson began thinking

about behaviorism in 1902 and submitted his doctoral

thesis with the title Animal Education: The Psychical

Development of the White Rat in 1903. In 1913 at

Columbia University, Watson delivered a lecture enti-

tled “Psychology as the Behaviorist Views It” and

coined the term Behaviorism. Behaviorism assumes

that behavior is observable and can be correlated with

other observable events. There are events that precede

and follow behavior. The goal of research is to explain

relationships between antecedent conditions (stimuli),

behavior (responses), and consequences (reward, pun-

ishment, or neutral effect). In opposition tomethods of

introspection, Watson proclaimed the idea of an objec-

tive study of behavior. His view of behaviorism was

considered radical and was known for its extreme

anti-mentalism and its radical reduction of thinking

to implicit response. Although Watson was impressed

by Thorndike’s early animal research, he rejected

Thorndike’s law of effect as unnecessarily too

mentalistic. For Watson the important thing about

conditioning was that it causes events to be associated

in time, i.e., it causes contiguity.
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Contribution(s) to the Field of
Learning
Watson explained learning in terms of the principles of

contiguity and frequency, what makes his explanation

of learning more similar to that of Pavlov and

Bechterev than it was to Thorndike. Watson believed

that in a learning situation a trial always ends with the

animal making the correct response. The correct

response tends to occur more frequently than incorrect

responses and the more often a response is made the

higher the probability that it will be made again (i.e.,

the law of frequency). The final response in a learning

situation will be the response next in the situation. This

was called law of recency.

In his earlier research Watson used animal subjects

and later shifted to the study of human behaviors at

Johns Hopkins University. He did research in the fields

of language and thinking, the role of instincts in behav-

ior, and emotions. He wanted to develop techniques to

allow him to condition and control the emotions of

human subjects. He theorized that children have three

basic emotional reactions: fear, rage, and love. This

assumption provided the fundamental basis for his

spectacular experiment with Albert.

Watson and Rosalie Rayner, his later wife,

performed this experiment in 1920 on an 11-month-

old infant named Albert. They showed Albert a white

rat, and he expressed no fear of it. In fact, he reached

out and tried to touch it. As Albert reached for the rat,

a steel bar behind him was struck with a hammer. The

loud, unexpected noise caused Albert to jump and fall

forward. Again Albert was offered the rat, and just as he

touched it, the steel bar behind him was again struck.

Again Albert jumped and this time he began to cry. So

as not to disturb Albert too much, further testing was

postponed for a week. Then the rat was again presented

to Albert and he was less enthusiastic and attempted to

keep distance from the rat. Fivemore timesWatson and

Rayner placed the rat near Albert and struck the steel

bar. Albert who had at first been attracted to the rat was

now frightened of it. Five days later, Watson and

Rayner found that Albert’s fear of the rat was just as

strong as it had been at the end of testing and that the

fear had generalized to other furry objects such as

a rabbit, a dog, a fur coat, and a Santa Claus mask.

Watson and Rayner demonstrated how experience

rearranged the stimuli that caused emotional

responses. They believed that all adult emotional
reactions develop by the same mechanism that had

operated in the experiment with Albert. It was left to

Mary Cover Jones to show (under Watson’s supervi-

sion) how a child’s fear could be systematically

eliminated.

The experiment with Albert had shown how fear

was produced in a child. Now, it was the objective to

eliminate fear in a subject who had already developed

a fear. Watson and Jones found in Peter (a 3-year-old

boy) a subject for another study. Peter was intensively

frightened of white rats, rabbits, fur coats, frogs, and

mechanical toys. Peter’s fears could be eliminated or

reduced through counterconditioning on him. The

study with Peter was one of the first examples what is

called today behavior therapy.

Watson dealt with many topics, but his favorite and

most important topic to him was children. After his

resignation from the profession of psychology at Johns

Hopkins, he and his wife decided to publish their ideas

about education in 1928. In their “psychological care of

the infant and the child” we can read, for example, this

advice to parents: “Never hug and kiss them [children],

never let them sit on your lap. If you must, kiss them

once on the forehead when they say good night. Shake

hands with them in the morning. Give them a pat on

the head if they have made an extraordinary good job

of a difficult task. Try it out. In a week’s time you will

find how easy it is to be perfectly objective with your

child and at the same time kindly. You will be utterly

ashamed at themawkish, sentimental way you have been

handling it” (Watson and Watson 1928, pp. 81–82).

In consequence, one of Watson’s sons remembered his

father as bright, charming, and reflective but “unable to

express and cope with any feelings of emotion of his

own, and determined unwittingly to deprive . . . my

brother and me of any emotional foundation”

(Hannush 1987, p. 138).

The legacy of Watson is that his behaviorism gained

widespread acceptance for some decades worldwide and

he changed psychology’s focus on description and expla-

nation of consciousness to the prediction and external

control of behavior. Furthermore, he made overt behav-

ior the almost-exclusive subject matter of experimental

psychology. However, althoughmany psychologists agree

on the importance of overt behavior as primary subject

matter of psychology they do not agree with the radical

behaviorism of Watson. Rather they use the observation

of overt behavior to index the covert cognitive or
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physiological processes thought running within the

organism. This kind of behaviorism has been called

methodological behaviorism and must be distinguished

from the radical behaviorism of Watson.

Cross-References
▶Behaviorism and Behaviorist Learning Theories

▶ Fear Conditioning in Animals and Humans

▶History of the Sciences of Learning

▶ Pavlov, Ivan

▶ Skinner, B.F.

▶Thorndike, E.L.
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Way of Life

▶Culture in Second Language Learning
Ways of Learning and Thinking

▶ Styles of Learning and Thinking: Hemisphericity

Functions
W

Ways of Thinking and
Practicing

▶Alignment of Learning, Teaching, and Assessment
Ways to Seek Knowledge

▶ Social Interaction Learning Styles
Weariness

▶Boredom in Learning
Weather Prediction Task

▶Multiple-Cue Probability Learning
Web 2.0 Technologies

This term refers to social networking software and

technologies that facilitate participatory interactions

across time and space online. Technologies available

on the Web that allow users to contribute their own

knowledge and socially interact with one another.
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Synonyms
Science for the Internet; Science for the Web

Definition
The Web is the largest human information construct in

history and it is transforming society (O’Hara and Hall

2008). Understanding what the Web is, engineering its
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future, and ensuring its social benefit necessitate new

interdisciplinary approaches and research methodolo-

gies. Web Science (http://webscience.org/webscience.

html) is a new interdisciplinary field that studies the

Web as both a piece of engineering and infrastructure

(micro level) and a phenomenon that impacts society

and human activity (macro level).

Web Science employs interdisciplinary research

approaches (Berners-Lee et al. 2006, Hendler et al.

2008). Due to the size and the dynamicity of the Web,

we may consider it as a complex natural phenomenon

that deserves to be studied as such, with the help of all

classical means used by the natural sciences (observa-

tions, experiments, simulations, models, abstractions,

generalizations, interpretations, forecasts). At the same

time, the Web represents also the first realistic natural

laboratory for controlled experiments on human behav-

ior especially when humans (andmachines) perform the

highest intellectual activities of information processing;

studying the ways in which the Web transforms society

and human activity thus requires the use of interpreta-

tive approaches found in social sciences. Modeling and

analysis of the Web also requires formalisms from com-

puter science, mathematics, and statistics.

Theoretical Background
\Web Science was launched in November 2006 by sci-

entists affiliated to the Massachusetts Institute of Tech-

nology and the University of Southampton in order to

introduce a holistic approach to researching the Web as

an infrastructure; and a phenomenon that affects soci-

ety and human activity. Other institutions soon

expanded that effort (Shadbolt and Berners-Lee 2008;

Hendler et al. 2008). The scale of the impact that

technical innovation on the Web can have on society,

e.g., the societal impact of the growth of blogosphere,

established the need for Web Science.

The study of such impact on a macro level needs

new methods of analysis different to those that have so

far been employed on the micro level to study or

engineer the introduction of technical changes in sys-

tems, applications, or protocols. Continuing innova-

tion on the Web that involves the rise of semantics

(Shadbolt and Berners-Lee 2008) and linked data

(O’Hara and Hall 2009) is expected to lead to

a similar impact on society rapidly expanding from

a micro level to a macro or global level.
Web Science draws from a set of complementary

disciplines and brings together aspects of Computer

Science, Sociology, Psychology, Biology, and Econom-

ics (Shadbolt and Berners-Lee 2008) but in terms of

research activities it is seen as more than the intersec-

tion of these research areas and less than their union.

The basic premise is that the combined Web-related

research efforts from these disciplines will have an

effect larger than its parts: the notion of emergence of

constructive patterns from interconnected autono-

mous agents, be them human or artificial.

The main expectations of Web Science are that it

will enable a more thorough study of the Web ecosys-

tem where simple rules can give rise to complex phe-

nomena and that it will address the need for a holistic

approach to researching the Web infrastructure inte-

grating both social and technical methodologies. It is

thus expected to address needs for the Web to be both

engineered and understood and to thereby gain an

insight into what phenomena may be coming with

the Web and how they may impact society and

human activity (Shadbolt and Berners-Lee 2008).
Learning About the Web
The question of what forms the curriculum of the

subject of Web Science is under active debate (http://

webscience.org/curriculum.html). The chosen areas

should contribute to understanding, engineering, and

ensuring the social benefit of the Web. In the previous

section we show that Web Science is an interdisciplin-

ary subject, and research in Web Science will require

contributions from a wide range of subjects including

Mathematics, Sociology, Computer Science, Law, Ecol-

ogy, Artificial Intelligence, and Economics. This pro-

vides particular challenges for the design of Web

Science courses as it becomes necessary to take a truly

integrated interdisciplinary approach rather than

teaching about each of the contributory subjects in

isolation.

The initial pass at the Web Science curriculum

emerged after the Network for Web Science Workshop

on Web Science Curriculum in September 2008 in

Athens which suggested six topics:

1. The History of the Web. This covers the history of

the Internet and the work of the pre-Web hypertext

visionaries, as well as the Web timeline.

http://webscience.org/webscience.html
http://webscience.org/webscience.html
http://webscience.org/curriculum.html
http://webscience.org/curriculum.html
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2. Building the Web. This covers the technologies,

standards, and algorithms that are used to engineer

the Web as well as aspects of governance and com-

munity inclusion in the process.

3. The Web in Society. This covers the coevolution of

society and the Web, and will include issues of

privacy, IP and copyright, and collective

intelligence.

4. Deploying the Web – Operationalizing Web Science

for aWorld of International Commerce. This covers

the basics of information systems, online markets,

and E-Commerce as well as the associated

technologies.

5. Analyzing the Web. The study of methodologies to

analyze the Web graph and data mining the infor-

mation it contains.

6. Understanding Web Users. The study of methodol-

ogies to analyze the behavior of users on the Web.

While these topics create a coherent curriculum

that addresses the objectives of Web Science, the inter-

disciplinary nature of such courses presents issues both

in finding suitably qualified teachers and learning

resources, and in coping with the diversity of students

when they may also come from a range of disciplinary

backgrounds. Consequently manyWeb Science courses

have tended to concentrate on building the Web and be

attended by those with a technical background.
W

Learning on the Web
Although not incorporated into the early visualizations

of Web Science, there is a strong case for learning tech-

nologies claiming a place in its Universe. Learning tech-

nologies typically incorporate components of computer

science and Web engineering (the technological aspect)

plus psychology and sociology (the educational aspect).

The development and effective delivery of learning on

the Web requires both educational and technological

insight. In addition, such applications necessarily have

to encompass affordances and epistemologies derived

from different disciplines and fields of study in which

they seek to operate. These demands speak for the inher-

ent interdisciplinarity of learning technologies andmake

a clear argument to place learning technology as an

obvious member of the Web Science universe very pro-

foundly interconnected and synergic with business,

work, and entertainment technologies.
Important Scientific Research and
Open Questions
Web Science will model the Web infrastructure and its

architectural principles and research the relationship

between computer-mediated human interactions and

social conventions.

It is anticipated that a number of research chal-

lenges will be addressed (Shadbolt and Berners-Lee

2008) including the following:

● Innovation on Web infrastructure to foster and

drive social interactions by extending it with social

properties and policies

● Analysis of the Web as an ecosystem that is related

to population dynamics, consumers and producers,

business activity, journalism, and government

● Provenance of information on the Web and chal-

lenges for a Web of trust

● Legal challenges related to Intellectual Property

Rights on the Web

● TheWeb as a network of data onwhich information

can be linked, interpreted, and related to human

activity

● Affordances and challenges of the Web in collabo-

rative innovation and collective intelligence

processes

● Affordances and challenges of the Web in

addressing social or cultural divides

● Architectures and pedagogy for learning on the

Web

Web Science has an ambitious research vision in terms

of bringing together research methodologies from differ-

ent disciplines. This presents a significant challenge, as

research in the field needs to be evaluated rigorously on

the combination of research methodologies that it

employs and on its impact on Web Science and related

disciplines. In addition, training Web scientists requires

significant effort in terms of buildingWeb Science curric-

ula, Web Science knowledge bases, and modeling and

analysis instruments. Addressing these challenges success-

fully will enable further research in the field and provide

new insights on the Web evolution and its impact.

Cross-References
▶Advanced Learning Technologies

▶ Information Gathering and Internet Learning

▶ Interdisciplinary Learning
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Synonyms
Evidence-based eLearning; Methodologies of learning

research through the Internet; Online experiments on

learning; Online methods for learning research;

Research on e-learning; Software for human learning

research; Web-based research on learning; Web-labs for

the study of learning

Definition
Web-based experiment control software for research on

human learning refers to any type of computer pro-

gram designed to control the execution of human

learning experiments via the Internet. These programs

are designed to test the predictions of the different

theories of learning, and to understand under which

conditions learning progresses more rapidly, more

smoothly, or more durably, which conditions allow
for better learning and which ones induce more forget-

ting and interference. An additional purpose of this

type of software is to compare the learning that occurs

in the standard, well-controlled, psychology laboratory

to that which occurs through the Internet. In order to

fulfill all these objectives, such software needs to pre-

sent the learning materials in a relatively homogeneous

fashion through different computers and configura-

tions and needs to allow for the manipulation

of independent variables that are common in the area

of learning such as number of trials, number and type

of cues, number and type of outcomes, particular com-

binations of cues and outcomes, timing between them,

and contexts in which the different phases of the exper-

iment take place. The software also needs to accurately

store the dependent variables (subjective judgment of

causality, predictive responses, the timing in which the

participant’s responses take place, learning curve, and

so on).

Theoretical Background
Since the 1980s most of the research that has been

conducted on how human learning works, which vari-

ables affect the learning process, and how human learn-

ing can be explained (and thus, predicted, controlled,

and improved) has been conducted through personal

computers. Research participants (usually college stu-

dents) were presented with stimuli whose parameters

were controlled by a computer in the laboratory. These

parameters included key factors such as timing, rela-

tionship to other stimuli, emotional content, or seman-

tic and instructional value, in addition to more basic

aspects such as size, color, intensity, location, or sen-

sory modality. The speed and quality of the partici-

pants learning was automatically assessed through the

registration of the way and time in which they

responded to those stimuli. The development of

▶methodologies of learning research and the

corresponding software was normally undertaken by

the psychology researchers themselves, and therefore

a huge and heterogeneous variety of experimental soft-

ware exists today that can be used in the standard

(offline) psychology laboratory. The natural evolution

of such programs in the age of the Internet has resulted

in that some of them have been adapted to be run

online (see Matute et al. 2007a). The main advantage

of this adaptation is that the Internet has certainly

come to facilitate the exchange and homogeneity of
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procedures and software among researchers and has

multiplied the number (and heterogeneity) of partici-

pants that can take part in each experiment. There are

also some potential risks of doing research on learning

through the Internet, such as, for instance, the possi-

bility of some participants repeatedly taking part in the

same experiment. However, the potential risks have

been explored and several solutions have been

suggested that make the impact of these problems

almost negligible (e.g., Kraut et al. 2004; Vadillo and

Matute 2009).

Just like any other experimental psychology soft-

ware, these web-based programs designed to conduct

research on learning through the Internet will normally

comprise several versions of themselves. The reason for

this is that each version needs to include a different

level of an independent variable whose effect on the

learning process is to be investigated. The program will

then execute one or the other version each time that

a different user (research participant) clicks the link to

start the experiment. For instance, a program designed

to test the effect of massive versus distributed learning,

would comprise at least two different versions that will

be assigned at random to each participant. One of these

versions would use massive training, with the learning

trials being presented in a very rapid succession, one

after the other, while the other version could use much

longer intertrial intervals. Of course these variables

could also be manipulated in a within-subjects design,

with each participant receiving all conditions in

a counterbalanced order.

There are many different research questions, theo-

retical perspectives, and backgrounds from which web-

based research on human learning is nowadays being

conducted. In general, we could say that online

research on learning is being conducted to explore (a)

methodological developments (to know whether

online experiments are as reliable as laboratory ones),

(b) generality of already known phenomena (to test

whether well-known learning effects can also be

observed outside of the laboratory), and (c) novel pre-

dictions of learning theories (to run new experiments

that could either be run in the laboratory or through

the Internet, in which case the researchers can benefit

from the larger samples available in the web). There-

fore, different web-based programs have been designed

to investigate online different forms of learning such as,

for instance, ▶ probability learning (e.g., Birnbaum,
and Wakcher 2002), ▶ associative learning (Vadillo

et al. 2006), or ▶ causal learning and illusions of con-

trol. As an example, in an experiment designed to study

how the illusion of control is acquired in the Internet,

participants could be instructed to terminate stimuli

that are being presented by the computer. The termi-

nation of the stimuli, however, does not depend on the

participants’ responses, but on a preprogrammed

schedule. The result is that participants trying to ter-

minate the stimuli will normally learn an illusory causal

relationship between their behavior and the termina-

tion of the stimuli. This is an example of how several

learning effects, in this case an illusion of control, can

be equally acquired not only in the laboratory but also

through the Internet (Matute et al. 2007b).

Important Scientific Research and
Open Questions
One of the hottest current debates to which these pro-

grams could contribute by providing the necessary

evidence is the issue of whether learning through the

Internet is better, worse, or similar than more tradi-

tional forms of learning. Both professional and lay

people’s discussions on these topics are often vehement

but the scientific evidence is still scarce. Indeed,

a debate exists on whether these two things are actually

comparable (there are many variables that differ

between traditional learning in the classroom and

web-based learning at home). Experiments that com-

pare how people learn through the web and how they

do in the classroom using exactly the same materials is

one of the comparisons that is needed, and this is what

these programs can best do. The few experiments that

have so far been conducted on this topic are showing,

for instance, that using the identical ▶ e-Learning or

digital learning program in the classroom and through

the Internet produces results that are almost identical

in both locations. This has been shown in several sim-

ple ▶ associative learning tasks and through several

different computer programs (Vadillo et al. 2006). On

some occasions, however, it has been observed that the

same simple associative learning program produces

slightly better and faster learning in the classroom,

when the instructor is present (though silent) and

everything is controlled, as compared to the Internet,

where the participants are possibly exposed to a much

greater number of distractions while they perform the

experiment (Vadillo and Matute 2009).
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Thus, increasing the variability of these programs

and the scope of tasks and domains to which they can

be applied is of course one of the greater challenges for

the future. Although associative learning is one of the

few areas where these web-based experimental control

programs have initiated their development, their exten-

sion to other areas, so that online and offline learning

can also be compared in more complex domains, is

a must. ▶ Information gathering and Internet learning

is becoming so common in our generation and the ones

to come that understanding the particulars of Internet-

based learning and how this compares to more tradi-

tional forms of learning should be a research priority.

Indeed, the popular assumption that because much

learning currently takes place online it is necessarily

better than more traditional forms of learning has not

yet been supported by evidence. An ▶ evidence-based

learning science will surely require that, in the future,

most research tools used to investigate the learning

processes are equipped with a web-based version.

If ethical norms for learning research (and for

human research in general) are important, this issue

becomes even more critical when the research is

conducted through the Internet. Ethical codes of con-

duct for scientists conducting research with human

participants require, for instance, that the scientists

guarantee the voluntariness, anonymity, and informed

consent of the participants. Whereas this is relatively

easy task to accomplish when the experiment is

conducted in the University laboratory or in the school

classroom, some additional (and different) measures

need to be taken when the experiment is conducted

through the Internet. For instance, providing an

informed consent screen that the participant has to

accept before starting the experiment does not guaran-

tee that the participant has been informed. Most people

would click on the accept button without even reading

the information on the screen. Several good strategies

to solve this and other ethical potential problems have

already been discussed (e.g., Kraut et al. 2004).

Another challenge for the future will be adapting

these programs to run experiments on ▶machine

learning. Whereas humans have been the only users of

this type of experimental software in the psychology

laboratory, the fact that these experiment control pro-

grams are now being run on the web suggests that

machine learning systems could soon be accessing

these programs (whether in controlled or in
uncontrolled ways) and providing their data as if they

were human participants. This could be positive, as it

could be used to test the degree of learning in artificial

intelligence and machine learning. This should also

allow to test the predictions of our theories of learning

as the similarity of machine learning with human

learning and be contrasted (see e.g., ▶ learning algo-

rithms). But it will be important that these programs

incorporate a means by which both types of data,

natural and artificial learning, could be easily

discriminated.

Finally, an additional potential problem of current

software for Internet-based research is its lack of a broad

scope approach. Most of the available software is based

on technologies that do not comply with any standard

and that are proprietary or poorly adapted to heteroge-

neous execution environments. Ideally, the technologies

used for this type of research should bemore flexible and

should allow, for example, to compare the results of

experiments conducted in different languages, using

the same web applications properly localized, or provid-

ing a similar user experience (UX) to those who access

the web experiment from mobile devices with limita-

tions regarding interactivity, connection speed, comput-

ing power, and energy consumption.
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Synonyms
Positive emotions and learning in school

Definition
Although there are various definitions for the term

“well-being,” it is agreed that well-being in school rep-

resents a set of ▶ subjective feelings and attitudes

toward school. Moreover, ▶ enjoyment (some use the

term “happiness”) is recognized as a core element of

well-being in general as well as at school. Well-being in

school is defined as an indicator of the quality of

scholastic life, and contributes to students’ physical

and psychological health and development. As such it

is strongly connected to learning. Well-being in school

consists of cognitive, emotional, and physical compo-

nents, i.e., a learner’s thoughts, feelings, and bodily

sensations. Consequently, it differs significantly from

an individual’s cognitive appraisals like satisfaction, or

from discrete positive emotions like enjoyment. Well-

being in school can be described through the relation-

ship of positive and negative aspects of school life

(cf. Hascher 2008): The more positive the experience,

the greater the well-being. A high level of well-being

indicates the supremacy of positive emotions and eval-

uations over the negative; the greater the difference

between positive and negative dimensions, the greater

the students’ well-being.

Well-being can be differentiated into short- or long-

term dimension. Short-term well-being (▶ state well-

being) represents positive emotions and cognitions

toward an actual situation, e.g., the enjoyment and

positive evaluation of a physics lesson. Long-term

well-being in school (▶ trait well-being) indicates an

individual’s general feelings toward and evaluations of

the school context, e.g., feeling well in school on the

whole. It is proposed that habitual well-being is a result

of frequent experiences of short-term well-being, e.g.,

the combination of repeated experiences of enjoyment

in school and feelings of competence during learning
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with very few negative occurrences. Habitual well-

being, however, is not a simple accumulation of actual

well-being because experiences of high personal rele-

vance can have a greater impact on well-being than

situations of low relevance.
Theoretical Background
Well-being in school as a specific concept and its rela-

tionship to learning characterizes a relatively new

research field. Several reasons are responsible for this

late development:

1. Well-being research originally focuses on the well-

being of adults and was not related to learning

processes. In 1969, Bradburn was the first to

describe subjective well-being through the balance

of positive and negative affect in everyday life (see

the “▶Affect-Balance-Scale”). Theory building was

only advanced many years later when well-being was

defined as an individual and social value as well as a

basic psychological need which goes far beyond

ephemeral feelings. Today, multicomponent

approaches, as suggested by (Ryff and Keyes 1995),

are widely accepted. Well-being, thus, consists of

a clearly defined set of affective, cognitive, social,

and physiological characteristics.

2. Affective aspects of school and their impact on learn-

ing were neglected for many years due to the pre-

dominance of cognitive approaches to learning and

instruction. The effect of emotional variables in

school focused on test anxiety or was tested in exper-

imental settings, outside of schools (cf., Isen 1984).

Although this research highlighted the importance

of the role of positive emotions and attitudes for

learning and academic success, interest in the role

of emotions in learning and instruction has only

been loosely associated with well-being research.

3. Noncognitive approaches to scholastic learning

were primarily related to student motivation.

Although some theories had integrated affective

elements earlier (e.g., Csikszentmihalyi 1975), emo-

tional aspects were not investigated on their own

but defined as indicators of a specific motivational

orientation, e.g., enjoyment as an indicator of

intrinsic motivation. Consequently, even relevant

results related to well-being were not recognized.

4. Additionally, educational research failed to concep-

tualize well-being in school specifically, using it as
a generic term for any positive aspect in schools and

learning contexts. Furthermore, there was a lack of

theoretical approaches on the relationship between

well-being and learning. Thus, indirect findings on

emotions and affect were conflated with the general

term “well-being” and well-being in school was, e.g.,

confounded with the absence of negative emotions

toward school or with the concept of social climate.

Important steps in scholastic well-being and learning

research were taken as soon as well-being in school was

associated with general well-being research. Analogous

to general well-being, well-being in school was defined as

a distinct quality of subjective evaluation and experience.

It was acknowledged that well-being in school has also to

be conceptualized as a multicomponent construct rather

than a simplified psychological phenomenon of enjoy-

ment or fun.Well-being in school, thus, was described by

six dimensions (Hascher 2010):

1. Positive attitudes and emotions toward school in

general

2. Enjoyment in school

3. Positive academic self-concept

4. Absence of worries about school

5. Absence of physical complaints in school

6. Absence of social problems in school

The need for differentiation between several well-

being components was supported by the pattern of

findings among these components, e.g.:

● Students report low degrees of physical complaints

in relation to learning.

● The reported amount of social problems in the

classroom is relatively small.

● Worries about learning and learning outcomes in

school are more frequent.

● A lack of enjoyment in school, mainly in relation to

academic tasks, can be found.

The variety of predictors of student well-being

(such as pre-experiences) and learning (such as pre-

knowledge) can be divided into three dimensions:

1. Well-being and learning in school are influenced by

environmental conditions: primarily the school

context. School characteristics like school type,

school culture, educational focus, and infrastruc-

ture and facilities influence well-being and learning

differently.

http://dx.doi.org/10.1007/978-1-4419-1428-6_4471
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2. Well-being and learning are influenced by person-

ality variables. Aspects like gender, self-efficacy,

motivation, and frustration tolerance have an

impact because they influence students’ abilities to

manage academic challenges.

3. Basically, effects onwell-being and learning in school

are related to person-environment interaction. The

school context will be influential with regard to

a student’s interpretation and evaluation, and the

impact of students’ characteristics depends on their

importance with respect to the scholastic setting.

Important Scientific Research and
Open Questions
Generally, well-being research is driven by two goals:

(1) One is the identification of quality of life aspects,

in order to prevent harmful influences and illness.

(2) In line with the salutogenetic approach to health

research, well-being is a central topic for positive psy-

chology in its aim to support emotional balance and

good health. Accordingly, school-based research is

motivated by the intention to figure out crucial pre-

dictors, as well as consequences of well-being and

learning, and their interplay. On one hand, well-being

in school is an indicator of a scholastic setting which

enables learning processes and supports students in

reaching important academic and social goals. Its

main function lies in the maintenance of a positive

basis for learning at school. On the other hand, learning

is crucial for the occurrence of well-being because suc-

cessful learning is an important source of enjoyment in

school. Thus, well-being and learning in school are

interdependent concepts which influence each other.

From a theoretical point of view, however, it is helpful

to analyze their relationship separately: (a) How does

well-being affect learning? (b) How does learning con-

tribute to well-being?

Research on well-being and learning in school can

be differentiated into three perspectives:

1. Macro-level perspective: The support of student

learning and development is the main function of

a school. Well-being is a crucial basis for any kind of

learning and an educational value it its own right. It

is an indicator of the quality of a learning environ-

ment, as well as an indicator of the fit of school and

students’ scholastic development. Well-being sur-

veys could show that schools differ in terms of
student well-being and learning, thereby pointing

to the influence of school culture variables. Gener-

ally, students attending schools with high academic

ambitions (high track schools) score better in terms

of well-being in comparison to schools with

a moderate academic aspiration (low track

schools). Furthermore, there is a trend that well-

being is higher and learning outcomes are better in

lower grades than in advanced grades. An increase

of well-being can be found toward the end of com-

pulsory education.

2. Meso-level perspective: The most influential con-

text for well-being and learning is the classroom.

The quality of instruction is determined by the

teacher’s instruction as well as the students’ partic-

ipation. In addition to a positive social classroom

climate, a teacher’s individual reference standard

and care of students support well-being and learn-

ing. In student-orientated instruction, higher levels

of well-being are reported in comparison to

teacher-centered lessons even if the learning out-

comes are not comparably better. Also differences

in learning domains could be found: Highly

demanding (and often selective) subjects like math-

ematics are more often associated with lower well-

being than subjects with lower achievement pres-

sure (such as history or geography).

3. Well-being and learning in school – micro-level per-

spective: Individual perspective is also relevant

in terms of well-being and learning in school, e.g.,

subjective emotional and cognitive learning precur-

sors, as well as learning results. Accordingly, high

achievers show better levels of well-being than low

achievers. Self-efficacy beliefs and experiences with

academic learning are influential, while positive

affect fosters task-related self-belief, willingness for

exertion, and hope of success. Girls score higher on

positive emotions and attitudes toward school, but

also on negative components like physical com-

plaints and worries. Intrinsic motivation is positively

related to well-being and learning in contrast to

extrinsic motivation. Test anxiety correlates nega-

tively with well-being and learning in school.

Despite increasing interest in well-being and learn-

ing, this topic needs further attention in terms of the-

oretical and methodological development. There is still

a lack of theories of well-being in school, academic
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learning, and the relationship between well-being and

learning. Currently, very few instruments that assess

student well-being are available (cf. Hascher 2008;

Van Petegem et al. 2007). Furthermore the question

of how well-being correlates with other learning and

achievement emotions, like pride or boredom, has still

to be addressed. Also little is known about the specific

influence of different instructional designs on well-

being and learning.
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Weltanschauung

“A Weltanschauung is a definition of the situation: it

influences what problems are perceived, how these

problems are interpreted, and what learning ultimately

results” (Hedberg 1981).
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Life Dates
MaxWertheimer was born in 1889 in Prague. He began

to study law at the University of Prague, but then he

became increasingly interested in psychology, philoso-

phy, and physiology. In consequence, from 1901 to

1904 he studied these subjects at the University of

Berlin, where he studied with Carl Stumpf, and at the

University of Würzburg where he earned his doctorate

in 1904 under the supervision of Oswald Külpe. From

1904 to 1910, Wertheimer worked at the universities of

Prague, Berlin, and Vienna. He served as professor at

the University of Frankfurt from 1910 to 1916, the

University of Berlin from 1916 to 1929, and then

again at the University of Frankfurt from 1929 to

1933. When Hitler became Chancellor in 1933,

Wertheimer decided to leave Germany and accepted

an offer from the New School for Social Research in

New York City. He lived with his family in New

Rochelle, New York, until his death in 1943.

WhenWertheimer was working at the University of

Berlin, he met two excellent doctoral students, namely,

Kurt Koffka andWolfgang Köhler, who later became his

research assistants at the University of Frankfurt.

Wertheimer, Koffka, and Köhler worked together so

closely on developing the fundamental concepts of

Gestalt theory that this trio is usually considered the

founder of the school of Gestalt psychology. In the early

days of Gestalt theory Wertheimer met Carl Jung and

Albert Einstein, the latter of whom informed him in

a series of interviews about the development of the

principles of the general theory of relativity. In 1946,

Solomon Asch wrote that he “thinking of Max

Wertheimer has penetrated into nearly every region

of psychological inquiry and has left a permanent

impress on the minds of psychologists and on their

daily work. The consequences have been far-reaching

in the work of the last three decades, and are likely to

expand in the future” (Asch 1946, p. 81).
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Contribution(s) to the Field of
Learning
Wertheimer’s ideas concerning learning culminated in

his book Productive Thinking, the only book he ever

wrote, published posthumously. His ideas about pro-

ductive thinking were based on personal experiences,

his experiments, and particularly on interviews with

people whowere considered to be outstanding problem

solvers, such as Albert Einstein.

Based on these sources, Wertheimer contrasted the

Gestalt conception of insightful learning with the

behaviorist view on learning, which he characterized

as simple rote memorization governed by external rein-

forcement and the laws of association. From the per-

spective of Gestalt psychology, learning does not need

external reinforcement but rather is intrinsically

reinforced. Wertheimer believed that individuals are

motivated to learn and solve problems because it is

personally satisfying, not because of external reinforce-

ment. Learning and problem solving in accordance

with Gestalt principles aim at a comprehension of the

situation and the structure of the problem and occur

insightfully. Features of the productive thinking pro-

cess include (1) grouping and reorganizing the com-

ponents of a situation, (2) functioning in relation to

characteristics of the whole rather than its parts,

(3) avoiding a simple collation of successions of parts

or random occurrences, and (4) structural mapping

which leads to sensible expectations and assumptions.

In Wertheimer’s approach, productive thinking starts

with a problem. Structural features and specific require-

ments of the problem cause tension and initiate field

forces in the brain that prompt the individual to modify

or revise the situation in order to proceed from a bad

gestalt to a better one, which leads to the solution of

a given problem. According to Wertheimer, “in gaining

insight into the solution of a problem . . . the student

should cognitively arrange the components of the prob-

lem until a solution based on understanding is reached.

Exactly how this process is done will vary from student

to student” (Hergenhahn and Olson 2005, p. 281).

Wertheimer’s seminal work on productive thinking

and problem solving was adopted and continued by

some of his disciples, such as Karl Duncker, George

Katona, and Abraham Luchins. Furthermore, it must

be stated that in the Gestalt tradition of Wertheimer,

Duncker, and Luchins, modern cognitive psychologists
have continued to explore the structural processes of

thinking, reasoning, and problem solving. The legacy

of Wertheimer has been captured by Asch as follows:

" To understand [persons] we must see [them] in [their]

setting, in the context of [their] situation and the prob-

lems [they are] facing. If we wish to understand a given

quality in a personwemust not isolate it; wemust see it

in relation to [that person’s] other qualities. For this

reason, also, the “same” quality in two persons is

often not the same psychologically.. . . When the phe-

nomena being observed have order and structure, it is

dangerous to concentrate on the parts and to lose

sight of their relations. (Asch 1952, p. 600)
Important Scientific Research and
Open Questions
Wertheimer’s experiments on apparent movement can

be considered as a typical example of the way he oper-

ated as a scientist. According to anecdotal evidence, it

was in 1910 on a train from Vienna to the Rhineland

that Wertheimer developed the idea that perceptions

are different from the sensations that comprise them.

To test this idea, Wertheimer got off the train in Frank-

furt, bought a toy stroboscope, and began to experi-

ment in a hotel room. Wertheimer was perceiving

motion where none actually existed. Then he went to

the University of Frankfurt and continued the experi-

ment with a tachistoscope, a device which can flash

lights on and off for measured fractions of a second.

Flashing two lights successively, he found that if the

time between the flashes was 200 ms or longer he

perceived the lights flashing on and off successively. If

the time between flashes was only 30 ms or less, both

lights appeared simultaneously to the perceiver. But if

the time between the flashes was about 60 ms, it

appeared to the receiver that one light was moving

from one position to the other. Wertheimer called this

apparent movement the phi phenomenon. He published

the results of his experiments on apparent movement

in 1912 in the article “Experimental Studies of the

Perception of Movement,” which is usually considered

as the birth of Gestalt psychology. Of course,

Wertheimer did not discover apparent motion, but

his explanation was novel and unique. Whereas

Wundt and Helmholtz emphasized the role of learning

in experiences like the phi phenomenon, Wertheimer
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was able to demonstrate that explanations based on

learning were not plausible. Again using a tachisto-

scope, he conducted an ingenious experiment to show

that the phi phenomenon could occur simultaneously

in two directions. An explanation based on sensations

and learning was not tenable. Wertheimer explained

the phi phenomenon by arguing that the brain contains

structured fields of forces that exist prior to any senso-

rial experience (for more details see the entry on

▶Gestalt Psychology). According to this view, orga-

nized brain activities dominate perceptions but not the

sensory stimuli that evoke the activities.

From 1910 to 1914, Wertheimer continued to

explore the new paradigm, and together with Koffka

and Köhler he focused on Gestalt principles of percep-

tual organization as well as on the foundation of the

Law of Prägnanz. Wertheimer’s ideas featured the

notion of psychophysical isomorphism and the view

that thinking proceeds from the whole to the parts,

treating a problem as a whole, and permitting the

whole to command or dominate over the parts.

Accordingly, a particular interest of Wertheimer and

his group consisted in the factors of perceptual group-

ing. Based on numerous experiments, the early Gestalt

theory culminated in the formulation of what have

been called the Gestalt principles (or laws) of percep-

tual organization, which include (1) proximity (ele-

ments that are close in space tend to be grouped

together and perceived as one or a few objects), (2) sim-

ilarity (perceptual elements that have some similar

characteristics tend to be grouped), (3) closure (ele-

ments which appear to complete some shape or object

tend to be grouped), and (4) simplicity (i.e., the ten-

dency to organize objects into simple figures).

Wertheimer considered reductionism as a funda-

mental problem of his time; he was particularly inter-

ested in the holistic nature of problem solving and

proposed two modes of human thinking: productive

and reproductive. Productive thinking solves a problem

through insight into a situation, whereas reproductive

thinking solves a problem by referring to previous

experiences and what has already been learned.

In Wertheimer’s view on problem solving, produc-

tive thinking starts with a problem. The structural

features and requirements of the problem cause ten-

sion, the strain of which produces vectors that prompt

the individual to modify the situation in an improved

direction. The process of resolving a problem entails
proceeding from a bad gestalt to a better one. The

solution of the problem occurs with a flash of insight.

Mayer (1995) captures the notion of insight by stating

that insight occurs when a problem solver moves sud-

denly from a state of not knowing how to solve a

problem to knowing how to solve it. Gestalt psycholo-

gists offered several ways of conceptualizing what hap-

pens during insight: Insight may involve building

a schema in which all the parts fit together. However,

insight may also involve reorganizing the situation or

restating the initial and final state in a new way that

makes the problem easier to solve. Finally, insight may

involve searching for analogues (i.e., a similar problem

that the problem solver already knows how to solve).

Beyond his seminal work on perceptual grouping,

Wertheimer’s far-reaching contributions to the field of

learning also include his efforts to apply Gestalt theory

to education.

Cross-References
▶Gestalt Psychology of Learning

▶History of the Sciences of Learning

▶Köhler, Wolfgang
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Life Dates
Ludwig Wittgenstein (1889–1951) was born to

a wealthy family in Vienna, Austria. His first university

studies were in aeronautical engineering at Manchester

University where his interest in pure mathematics led

to a meeting with Frege who advised him to move to
Cambridge University and study with Bertrand Russell.

At Cambridge, Wittgenstein developed an interest in

the foundations of logic and the implications for phi-

losophy. He returned to Austria in 1913 and joined the

Austrian army to fight in World War I. He was taken

captive in 1917 and spent the remainder of the war in

a prison camp where he wrote the notes for the only

book published in his lifetime, Tractatus Logico-

Philosophicus; in that volume he examined the founda-

tional relationships of logic, language, and the world.

After briefly exploring careers in architecture, garden-

ing, and teaching, he returned to Cambridge in 1929

where he conducted seminars and took notes that

would become known as the Philosophical Investiga-

tions, which was published 2 years after his death in

1951. Wittgenstein is widely regarded as one of the

deepest thinkers and most influential philosophers of

the twentieth century (Hacker 1996; Malcolm 1958).

Theoretical Background
Wittgenstein’s (1922) Tractatus consists of seven major

propositions with numerous subordinate and

supporting propositions concerning the nature of

thought, language, and the world loosely translated as

follows [comments in brackets represent this author’s

elaboration]:

1. The world is all that is the case. [This can be

regarded as a definition of the word “world”.]

2. What is the case, a fact, is the existence of states of

affairs. [What exists are relationships of things – not

objects in isolation.]

3. A logical picture of facts is a thought. [This is

a cornerstone of Wittgenstein’s early thinking.]

4. A thought is a proposition with a meaning. [Reality

is connected first with thought and then with

language.]

5. A proposition is a truth function of elementary

propositions. [This leads to a two-valued logic

and a correspondence theory of truth.]

6. The general form of a truth function is a function of

elementary propositions, a set of any propositions,

and their negations. [This closely follows Frege’s

definition of a proposition.]

7. What we cannot speak about we must pass over in

silence. [A great deal falls into this category.]

This small volume was every influential in the field

of analytic philosophy (an approach that rejects
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idealism and in which the analysis of words and state-

ments plays a central role) and was closely associated

with logical positivism, in which statements that are

not verifiable are regarded as meaningless (Hacker

1996). Many of the statements in the Tractatus and

the seven major propositions taken together certainly

lend themselves to an interpretation linked with logical

positivism. Many modern philosophers consider their

major task to be distinguishing sense from nonsense,

and Wittgenstein certainly belongs to that major tradi-

tion. As many who preceded Wittgenstein have noted,

such an enterprise is nonending. For example, while

Socrates is being held for execution, he is visited by his

good friend Crito who tells Socrates that he has

arranged for his escape. Rather than accept Crito’s

plea to escape, Socrates argues that together they

must again reconsider the nature of virtue to see if

prior reasoning was flawed in some way (Jowett

1900). Like Socrates, Wittgenstein was willing to revisit

his reasoning throughout his life.

As it happened, Wittgenstein and others found

flaws in the Tractatus. In a sense, Wittgenstein and

others wanted to and in fact did speak about many of

the things that should be passed over in silence

according to a narrow reading of the Tractatus. Witt-

genstein did not abandon the close links among

thought, language, and the world. Rather, he looked

more carefully at those connections and in particular at

the nature of language. His later analysis gave up the

notion that meaning was determined by truth func-

tions of elementary propositions. The revised view of

meaning was that it was the use of words that deter-

mined meaning; usage is not nearly so univocal and

simple as proposed in the case of elementary proposi-

tions. Use is embedded in language games and involves

communities of users. A language game consists of

rules that are accepted and generally followed by

those belonging to a particular group of users or

speakers; the rules are not strict but somewhat fluid

and context sensitive as one might expect in a natural

language setting. If one imagines a situation involving

a skilled automobile mechanic and an assistant, the

mechanic might say, for example, “Give me the gun”

referring to the grease gun that is nearby. Those same

words could easily be imagined to have a different

meaning in a different situation. In a broader sense,

a language game can be considered as a loose set of
rules to govern external manifestations in the form of

statements of particular internal scripts or schema that

those involved in the situation are likely to easily

understand.

Wittgenstein kept many notes that were not

published in Philosophical Investigations, such as his

notes on color, perception, and psychology (Anscombe

and von Wright 1980). Much of Wittgenstein’s discus-

sion of psychology involved an exploration of things

he observed and things people say, with a particular

interest in perception. For example, he noticed that it

did not seem possible to produce a brown translucence.

Is that a result of something in the objects or in our

perception of objects? Wittgenstein was clearly

concerned with the nature of the self, especially as

a thinking and perceiving entity, throughout his life-

time. It is clear even in the Tractatus that Wittgenstein

regarded the individual as a basic unit of analysis. He

says, for example, at Tractatus 5.63 that “I am my

world.” At Tractatus 5.632 he goes on to say that the

self is not a part of the world – rather, the self is a limit

of the world. Consistent with this holistic view of what

it is to be a person, Wittgenstein says at Tractatus

6.43 that the world of the happy person is not the

same as that of the unhappy person – the world waxes

and wanes as a whole.

Contributions to the Field of Learning
What can be gleaned from the writings of Wittgenstein

that are relevant for the learning sciences? While

Wittgenstein has had significant and direct influence

on philosophical thinking, his influence on learning is

much more indirect. However, Wittgenstein’s view of

a person as a unified whole is quite consistent with how

many psychologists view the impact of mood on behav-

ior and how learning researchers are inclined to think

about motivation and emotion as key facilitators of

a learning process. Moreover, two aspects from

Wittgenstein’s world form the basis for much of current

learning research – namely, the notion of internal rep-

resentations and the concept of language games.

At Tractatus 2.1, Wittgenstein says that we picture

facts to ourselves. We create internal representations of

things we experience. This is an amazing insight how-

ever obvious it may seem to a casual reader. We create

internal representations of things we experience in

order to make sense of those experiences. In fact, this



Woodworth, R.S. (1869–1962) W 3461

W

statement can be regarded as the fundamental tenet of

mental models and a cornerstone of constructivism.

People naturally create internal representations to

make sense of their experiences and surroundings. We

cannot stop doing so. We are natural builders of mental

models and makers of meaning.WhatWittgenstein did

not mention in the Tractatus was that we also have the

ability to picture to ourselves things that are not facts.

Fortunately, in addition to the ability to create mental

models to interpret experience, people have a second

amazing ability, namely, the ability to communicate

with others; we play language games. We can share

representations of our internal pictures with others,

and in doing so come to understand our own thinking

better as well as share in and benefit from the thoughts

of others. These two natural human capabilities – the

ability to create internal representations and the ability

to engage in language games – can be taken as the

fundamental nature of consciousness. Both of these

abilities show up in modern learning theories and

research on learning. While Wittgenstein was focused

in coming to understand the boundaries of sense and

what it is to be a thinking person in the world, he

articulated the foundation for much of modern learn-

ing theory.

Cross-References
▶Collaborative Learning

▶Communities of Learning

▶Constructivism

▶Model-Facilitated learning

▶Naturalistic Epistemology

▶ Situated Learning

▶Zone of Proximal Development
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Life Dates
Robert S. Woodworth (Belchertown, Massachusetts,

October 17, 1869–New York City, New York, July 4,

1962) was the son of a Congregationalist minister and a

mother who taught moral philosophy at a women’s

seminary that she helped to found. After receiving a

bachelor’s degree from Amherst College in 1891,

Woodworth taught high school and college mathemat-

ics. Inspired by the work of William James and

G. Stanley Hall, Woodworth entered Harvard in 1895

for graduate study in philosophy and psychology.

Working under Josiah Royce, William James, and phys-

iologist Henry Bowditch, he received a master’s degree

in 1897.Woodworth accepted a fellowship under James

McKeen Cattell at Columbia University, where he was

also influenced by anthropologist Franz Boas. For his

dissertation, Woodworth studied the accuracy of hand

movements under varied conditions and received the

PhD in 1899. He spent 1902–1903 as assistant to noted

physiologist Charles Sherrington in Liverpool, and

accepted Cattell’s offer to join the Columbia University

faculty in 1903. Woodworth remained at Columbia for

his entire career, succeeding Cattell as executive officer

of the psychology department, and continuing to teach

until 1958, after becoming Professor Emeritus in 1942.

He served as the 23rd president of the American

Psychological Association (APA), chair of the Division

of Anthropology and Psychology of the National

Research Council, president of the Social Science

Research Council, and helped to found the Society

for Research in Child Development and the Psycholog-

ical Corporation. Woodworth was awarded the APA’s

first Gold Medal in Psychology in 1956 for

his contributions toward systematizing knowledge

and building the discipline. Considered a Dean of

American psychology, he was known for his careful

syntheses of empirical and theoretical problems and

for his diverse interests, ranging from imageless

thought to the Woodworth Personal Data sheet, gen-

erally considered to be the first personality test.
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Contributions to the Field of Learning
After finishing his dissertation, Woodworth and his

close friend Edward L. Thorndike began a series of

studies on transfer of training, published in the Psycho-

logical Review (e.g., Thorndike and Woodworth 1901).

They hoped to test an old and popular idea known as

formal discipline, which maintained that the study of

Latin or geometry would produce general intellectual

strengthening in a manner analogous to muscular exer-

cise. Formal discipline had been an influential idea in

education, although it was much disputed in the late

1800s. In their experiments, Thorndike andWoodworth

trained their subjects to estimate the size of rectangles,

and tested for transfer to estimating the size of triangles

and other shapes. They also tested for transfer on various

letter and word cancelation tasks. They found little or no

evidence of transfer, and concluded that transfer was

unlikely except when the two tasks contained identical

elements. Their work helped inspire a large literature and

long debate over transfer of training. Woodworth later

summarized this literature in his 1938 Experimental

Psychology.

Woodworth contributed to the field of learning in

a global, indirect way. In his Dynamic Psychology

(1918), based on a series of eight lectures at the Amer-

ican Museum of Natural History in 1916–1917, he laid

the groundwork for the study of motivation. He saw

a dynamic approach as the solution to the conflict

between consciousness and behavior as the basic

objects of study. In his second lecture, he outlined the

advantages and deficiencies of both behavioristic and

introspectionist approaches, and argued that in their

extreme and exclusionary versions, “neither party has

rightly envisaged the real problem for psychology”

(1918, p. 34). Instead, he proposed an emphasis on

cause and effect or dynamics, which required the

study of consciousness, behavior, and physiology to

provide a coherent account of human feelings and

actions. The two basic concerns of a dynamic approach

were how we do something (the mechanism), and why

we do something (the drive). For Woodworth, drives

were not limited to a fixed set of native or inherited

instincts. Instead, a mechanism for skill at numbers or

music could in turn become a drive or motive for

engaging in those activities. In general, any mechanism

could furnish drive or lend drive to other mechanisms,

and motivation can arise from any system of the body,

Woodworth maintained. He then used this general
position to analyze problems of learning and original-

ity, and of abnormal and social behavior. Woodworth

retained this emphasis on dynamics throughout his

career. In the second edition of his best-selling intro-

ductory psychology textbook (Woodworth 1929), he

described the fundamental model for psychology as

S-O-R, stimulus–organism–response, to emphasize

the contribution of the organism, especially in terms

of motivation and individual differences. This simple

terminology was Woodworth’s way of overcoming the

deficiencies of Watsonian S-R behaviorism, and

Woodworth later emphasized the continuous, recipro-

cal interaction between the person and the environ-

ment. The S-O-R formulation was used in many

subsequent textbooks and theoretical discussions.

Woodworth’s balanced perspective brought a calming

voice to debates over heredity and environment by

emphasizing the importance of both in a widely

respected report prepared for the Social Science

Research Council (Woodworth 1941).

Woodworth also helped shape the study of learning

by writing one of the most influential psychology text-

books of the mid-twentieth century: his 1938 Experi-

mental Psychology, known popularly as the Columbia

Bible (see Winston 2006). From long before its publi-

cation, when it was used in mimeographed form by

generations of Columbia graduate students, through

the 1960s, it was the premier guide for experimental

research. Experimental Psychology was used around the

world. Although the book lacked any overall theoretical

framework, it covered a very broad range of topics in

a way that was eminently useful. Research in all major

areas of learning, including memory, forgetting, con-

ditioning, maze learning, practice, transfer, attention,

reading, and problem solving were examined. His

interpretive summaries of the literature showed

a thorough and balanced analysis of what was under-

stood and what needed further explanation. The book

provided a model for the careful weighing of evidence

and confirmed Woodworth’s position as the premier

generalist of experimental psychology. Although he

cannot be counted as a learning theorist, Woodworth

helped shape the general framework for the intense

study of learning that characterized American experi-

mental psychology from the 1930s to the 1970s.

Note: Portions of this entry are adapted from

Winston (2006), with permission of the American Psy-

chological Association and Taylor & Francis Group.
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Synonyms
Lexical acquisition; Lexical development

Definition
The phrase word learning generally describes the act of

learning the meaning of a word. A word is an arbitrary

symbol used to refer to, or stand for, some concept in

the world (e.g., an object or event). Word learning

occurs when the word is linked (i.e., mapped) to that

concept. Word learning is commonly measured using

either comprehension (e.g., pointing or looking) or

production (e.g., saying the word) tasks. Research

using these tasks suggests that comprehension typically

precedes production, both for individual words (e.g.,

the word “ball” is likely to be understood before it is
used) and in the developing lexicon (e.g., a 16-month-

old toddler may comprehend a couple of hundred

words but produce less than 50) (Fenson et al. 1994).

The study of word learning is part of the much

larger study of language development. While words

are learned continuously throughout the life span,

research tends to focus on learning in young children

(i.e., 0–6 years). Likewise, while there are many differ-

ent types of words (e.g., nouns, verbs, adjectives, etc.)

research tends to focus on the learning of nouns (e.g.,

ball). Research helps to document the timeline for

word learning and explain the processes that support it.

Theoretical Background
A majority of children begin producing their first

words at the end of their first year of life (Fenson

et al. 1994), although this word-learning milestone

(like many others) can vary dramatically from child

to child. At the beginning, the pace of word learning

is usually slow (i.e., 1–3 words/week) and over the next

6 months, the lexicon gradually expands to about 50

words. The meanings for many of these early words are

still works-in-progress as children use them either too

broadly (i.e., to overextend them) or too narrowly (i.e.,

to under-extend them). Overextending the word “ball”

may mean using it to refer to any round object whereas

under-extending the word “ball” may mean using it to

refer only to one example of a ball (e.g., a soccer ball).

The types of words that make up children’s developing

lexicon tend to vary by language, but for English-speaking

childrenmany of these words are nouns. Also, the process

of learning a word may be slower for children learning

multiple languages and thus the size of their lexicon may

be smaller during the earliest stages of word learning.

After the 50-word mark, the pace of word learning

usually quickens – in some cases considerably. Several

researchers have observed a vocabulary spurt in young

children during which the pace of learning rapidly

accelerates from just a few words a week to several

words a day. However, other researchers question

whether such a spurt actually occurs (Bloom 2000)

and, if so, whether it is universal. The change in pace,

whether resulting in a spurt or not, may signal an

important shift in children’s understanding of words.

One possibility is that children realize that “things have

names” (i.e., the so-called naming insight) and begin

actively seeking words rather than passively receiving

them. This accelerated pace of word learning continues
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through the preschool years. In fact, preschool children

can begin forming a rough hypothesis about the mean-

ing of a new word after only a single exposure to that

word. This quickly formed mapping between the word

and the hypothesis (sometimes called a fast mapping)

can last several weeks even with no additional exposure

to the word.

The challenge when learning any word, whether it is

the first word or the thousandth and whether the word

is learned quickly or slowly, is to figure out what the

word means. This is sometimes described as an induc-

tion problem because, in theory, the set of possible

meanings for any word could be unlimited (Markman

1989). This is illustrated nicely in Quine’s “gavagai”

example (1960). Imagine that an explorer in a foreign

land sees a rabbit while a native speaker says “gavagai.”

How does the explorer determine the meaning of

gavagai? Obviously it could mean “rabbit,” but it

could also mean “food” or even a superstition like

“there will be a storm tonight.” In theory, to determine

the meaning of gavagai the explorer must consider all

the possible meanings and then decide which of those

possible meanings is most likely to be correct. However,

if children really considered all the possible meanings

then the pace of learning a word, and ultimately of

building a lexicon, would be very slow. Because word

learning is not slow, it is likely that not all possible

meanings are considered. How children limit this set

of possible meanings and ultimately how some mean-

ings come to be favored over others is one of the most

hotly studied (and debated) questions in language

development.

Important Scientific Research and
Open Questions
Research suggests that there are several different

assumptions children make when deciding which

meanings to favor (see Woodward and Markman

1998 for detailed review). Some of these assumptions

are based on social knowledge and beliefs about how

and why speakers communicate. Children pay special

attention to social cues (e.g., gaze, joint attention,

pointing) and make pragmatic assumptions (e.g., con-

ventionality, contrast) when learning a word

(Tomasello 1995). Social cues are helpful because they

can indicate the subject of a speaker’s attention. For

example, children assume that a speaker’s gaze will

direct them to the correct referent. Gaze can be
especially helpful when it is shared by both the speaker

and the child (i.e., known as joint attention). Pragmatic

assumptions are helpful because they can indicate the

subject of the speaker’s intention (Bloom 2000). For

example, conventionality suggests that children assume

that a speaker who intends to refer to a familiar thing

will use the conventional word (e.g., a speaker who

intends to refer to a ball will use the word “ball”).

Other assumptions are based on linguistic knowl-

edge and beliefs about the nature of words and the

language used to frame them. Children honor a set of

word-learning assumptions (sometimes called lexical

principles or constraints) (e.g., taxonomy, mutual

exclusivity) and track cues provided in the syntax

(e.g., the presence of the article “a”) when learning

a word. Word-learning assumptions are helpful

because they constrain the set of possible meanings

that are considered for a word (Markman 1989). For

example, taxonomy suggests that children assume that

similar things should be labeled with the same word.

Syntactic cues are helpful because they narrow the type

of word, and ultimately the type of referent, that

children expect. For example, children assume that an

indefinite article (i.e., like “a” or “an”) signals an

upcoming common noun (e.g., a child who hears

“this is a ball” assumes that “ball” refers to a thing

and not a person’s name or an action).

These assumptions assist the word learning process

by leading children to favor somemeanings over others.

As a result, the number of meanings that children con-

sider for a word is reduced. However, though they

sometimes make similar predictions about which

meanings will be favored, it is important to understand

that these assumptions come from very different theo-

retical perspectives and therefore offer very different

explanations for why some meanings will be favored.

In addition, these explanations are not always viewed as

being congruent. For example, word-learning assump-

tions are thought to be unique to the domain of word

learning (i.e., they are domain-specific) and suggest that

word learning may be different (or special) when com-

pared to other types of learning. In contrast, pragmatic

assumptions are not thought to be unique to the

domain of word learning (i.e., they are domain-general)

and suggest that word learningmay not be so special. As

research continues it will lead to a better understanding

of what assumptions, if any, are unique to word learn-

ing, whether there are neural correlates to these
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assumptions, how word learning is affected by the

development of other constructs like memory and intel-

ligence, and what aspects of word learning differ across

cultures and across typical and atypical development.
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▶Word Learning and Lexical Development Across the
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Synonyms
Lexical acquisition; Lexicalization

Definition
The scientific study of word learning across the lifespan

is concerned with how adult language users come to

acquire words in their own language, and how these

lexical representations develop over time. This can be

distinguished from the study of vocabulary acquisition

in children and in second language learning, though
these fields share common goals in seeking to under-

stand the processes involved in the acquisition of novel

word forms, meanings, and the linking of forms to

meaning.

Theoretical Background
It is sometimes assumed that a language contains

a relatively fixed set of words, and that by adulthood,

the word learning process is essentially complete. How-

ever, it is easy to underestimate the lexical resources

available to adult language users. The 2006 Google

n-gram corpus contains approximately 13 million

distinct English words. Focusing just on lower case

words with alphabetic symbols still leaves 1.5 million

words. Estimates of the size of nature of adults’ mental

lexicons vary enormously. One conservative rough esti-

mate is that adult native speakers of English know

20,000 word families (Nation and Waring 1997),

while other estimates put the figure closer to 60,000

individual words. These figures suggest that we never

come close to acquiring all the words that exist in

a language, and there is a great deal of individual

variation onwhat portion of the ever-growing available

word space will be captured.

Words are acquired by children at a prodigious rate.

To reach adult competence, from birth, we must learn at

least 1,000 words a year on average. This remarkable

growth in vocabulary overshadows the fact that as adults,

we continue to acquire novel words throughout our

lifetime. Infrequent words are typically learned later in

life, and new words are constantly being introduced due

to technological innovations, foreign imports, and

proper names. While we may increase the size of our

lexicons as we age, access in later life can be limited by

normal aging and dementia, which are associated with

word finding difficulties and memory loss.

Perhaps the most important question in adult

native word learning research is how a word becomes

▶ lexicalized, that is, represented in a specialized lexical

memory system, and hence exhibits behaviors similar

to that of existing words. However, ▶ lexicalization

should not be taken to mean that word learning is an

all-or-nothing process, that once a word is lexicalized,

learning ceases to occur. Instead, researchers are

increasingly emphasizing the dynamic state of themen-

tal lexicon. This is particularly true of exemplar models

of lexical processing, where a word form is based on

a composite made up of all previous encounters of that
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word. Given a dynamic view of the mental lexicon, the

lexicalization process may never reach completion.

Instead of a relatively fixed and stable repository of

long-term knowledge, word forms and meanings can

be thought to undergo a continual process of lexical

development based on exposure and use throughout life.

While there is no agreed consensus on the limits of

what can properly be termed part of the mental lexicon,

at a minimum, a lexical entry should provide form

information, a link to a meaning, and syntactic class.

Words are characterized by a hierarchical structure, and

can be decomposed into multiple levels of arbitrary

sound-meaning correspondences. For the purposes of

recognition, words have representations across multi-

ple input modalities, and words also have the power to

be easily outputted, most obviously in speech, but also

in modalities such as writing, typing, or signing. Given

the myriad different forms of memory associated with

a word, lexical learning involves learning across a wide

variety of memory systems. Knowledge of word form

and meaning can be considered part of declarative

memory, while production part of procedural memory.

As such, studies of word learning can potentially be

informative about learning in these different memory

systems, and their interaction.

Important Scientific Research and
Open Questions
The multi-faced nature of words makes studying word

learning a complex task. Given that word learning in

adults can be taken to involve the learning of a new

form, a meaning, and a link between form and mean-

ing, efforts to study word learning have often focused

on one or more of these components. In the case of

form, much research has looked at how a newly

acquired word becomes entrenched as a word within

an individual’s mental lexicon. Researchers have used

a variety of different paradigms to assess the represen-

tational status of a novel word. Following a single lex-

ical encounter, we are immediately able to recognize

and reproduce that word, supported by form-based

representations. However, rapid storage of word does

not necessarily lead to a status like that of existing

words. Studies of word learning have shown that

some lexical behaviors take time to develop (Gaskell

and Dumay 2003; Leach and Samuel 2007). For exam-

ple, behavior that relies upon integration and interac-

tion with other words in the lexicon, such as
participation in the process of lexical competition dur-

ing auditory word recognition, is not available for

rapidly acquired form-based representations (Gaskell

and Dumay 2003). An explanation for this time-course

dissociation is that word forms and meaning are ini-

tially stored using an episodic memory system involv-

ing the medial temporal lobes. Over time, words

become consolidated in long-term memory in the neo-

cortex specialized for lexical representation. This sys-

tems-level consolidation involves a paradigmatic case

of the integration of new information with existing

knowledge. Further research in this area should see

increased understanding of how systems-level memory

theories can explain lexical development in adults, and

how these theories can be applied to understanding

word learning in children and in L2 learners. Further-

more, studies of word learning in adults will also

potentially be useful in understanding the role of con-

solidation in memory more generally.

While studies of form-only learning have revealed

much about the word learning process, some would

argue that a word without meaning is missing an essen-

tial part of lexical representation. Accordingly, much

research has looked at the role of meaning in the acqui-

sition process (cf. Leach and Samuel 2007). In second

language learning, acquisition of a novel form typically

involves pairing that form with a preexisting native

form, and to a preexisting meaning. In contrast, native

word learning usually involves creating a direct map-

ping from a word form to a novel meaning. As such,

a full account of word learning will need to account

both acquisition of novel forms and of novel meanings.

We are in the early stages of understanding the

neural basis of word learning, and this will continue

to be an active area of investigation for much time to

come. A fruitful strategy has been to find neural

markers for nonword processing, and comparing

these with processing of existing words. In electroen-

cephalography, a neural response called the N400 is

heighted for nonwords. Given sufficient training, this

brain response can be reduced as a novel word becomes

more word like. In functional magnetic resonance

imaging, modality specific areas have been identified

which are associated with nonword processing, princi-

pally the left lateral fusiform gyrus for orthographic

forms and the left superior temporal gyrus for auditory

forms. As a word begins to become lexicalized, reduc-

tion of activity in these areas should occur, and the
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brain response to novel words will become more like

that of existing members of the mental lexicon.

A further important line of research inword learning

with children and neuropsychological patients has indi-

cated that there are close links between verbal working

memory and word learning (Baddeley et al. 1998). We

expect to find increasing evidence for the role of

short-term memory processes in leading to long-term

acquisition of words in adults. This relationship is also

prevalent in computational models of word learning

(Gupta and MacWhinney 1997). A guiding principle has

been the use of frameworks which can account for short-

term and working memory processing alongside language

learning, with a focus on memory for serial order. These

models also reflect the trend of seeking to understand

word learning as a consequence of general learning and

memory principles, rather than as an outcome of a specific

modular mechanism for language learning.
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Students deliberately avoid engaging in academic tasks

and/or attempt to minimize the effort required to

complete academic tasks.
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Synonyms
Example-based learning; Learning from examples;

Learning from model answers; Studying expert solu-

tions; The worked example effect

Definition
A worked example provides a step-by-step solution to

a problem or task. The worked example effect occurs

when learning is enhanced by studying worked exam-

ples to problems rather than by trying to solve the

original problems. It is a form of direct instruction. In

learning new material learners are shown fully worked

examples to study instead of trying to work out the

solution steps. The most effective format is for learners

to study a worked example and then immediately after,

try to solve a problemwith similar features. This exam-

ple-problem pair format is repeated over a number of

iterations building to a complete set of problems that

students need to learn in order to master the new
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materials. Extensive research has shown that for nov-

ices in particular, this pairing methodology of study-

solve, leads to superior performance compared with

a strategy that asks students to solve problems without

first being exposed to worked examples.

Theoretical Background
In domains such as mathematics, teachers have histor-

ically given students worked examples. However, the

way worked examples are structured may not always

lead to an optimum learning environment.

A traditional mathematics textbook approach to learn-

ing new concepts and procedures is to show some

initial worked examples based on the new materials

and then ask students to practice what they have

learned in a following exercise. In many cases, the

exercise set contains more challenging problems than

they had previously encountered. Practice is an impor-

tant part of consolidating learning but under these

circumstance students were often required to problem

solve. Additional worked examples would then usually

only be shown to students when they failed to find

solutions to the problems they attempted. To create

the worked example effect, worked examples must be

structured very differently to this scenario. Instead of

showing a small sequence of worked examples initially,

a larger set of worked examples is shown throughout

the practice period in the paired study-practice format.

The worked example effect has been extensively

researched within the theoretical framework of cogni-

tive load theory (CLT: see chapter Cognitive Load The-

ory for more information). To explain why studying

worked examples is a more effective learning strategy

than problem solving, CLT researchers have used an

argument based on working memory load (see chapter

Working Memory and Information Processing for more

information on WM). Asking students to problem

solve in a domain in which they are unfamiliar

increases working memory load significantly due to

the number of searches that often required to solve

the problem. In particular, problem solvers often rely

on the general problem-solving heuristic of means-

ends analysis (see Sweller 1999). Means-ends analysis

requires simultaneous consideration of the goal and the

current problem state, while trying to manipulate

problem-solving operators to reduce the difference

between the two states. This method places a heavy

demand on a very limited WM and interferes with
learning. Although learners may solve the problem,

they do not necessarily learn much from the experience

as WM resources are absorbed by trying to locate and

apply operators rather than recognizing key aspects and

relationships within the problem. In contrast, when

studying worked examples, learners can focus on the

operators and how they transform one solution step to

the next without extensive searching. From the per-

spective of CLT, problem solving creates extraneous

cognitive load, because much of the effort in solving

the problem is superfluous to learning. Whereas,

worked examples reduce extraneous load freeing up

WM that can generate germane cognitive load – the

load directly invested in schema formation (see van

Merriënboer and Sweller 2005, for more information

on the different types of cognitive load).

Early evidence for the worked example effect came

from studies involving mathematical and scientific

domains. For example, studies into algebra acquisition

demonstrated that worked examples were superior to

problem solving (see Cooper and Sweller, 1987; Sweller

and Cooper, 1985). Results from these studies indicated

that not only was performance better, but also that

learning time was significantly shorter. Furthermore,

it was found that schema automation could be achieved

more quickly through worked examples than problem

solving, provided that sufficient practice was allowed.

With schema automation students were more able to

solve transfer problems. If the training period was fairly

short, automation was not achieved, resulting in a lack

of transfer. Nevertheless, even when transfer was not

found, worked example groups outperformed prob-

lem-solving groups on similar problems. Other studies

in different mathematical domains such as geometry

and word problems produced similar results (see

Sweller 1999 for a summary). Significantly, Trafton

and Reiser (1993) demonstrated the effectiveness of

pairing problems together (study one- solve one).

Following these early studies, significant enhance-

ments and extensions to the basic methodology of

worked examples have been added. One such extension

has been the variability effect. Of great interest in the

field of learning and instruction is whether a learning

strategy leads to transfer or not. Cooper and Sweller

concluded that for transfer to occur from worked

examples sufficient practice was needed to automate

appropriate schemas. Studies by Paas and van

Merriënboer (1994), Quilici and Mayer (1996) found



Worked Example Effect W 3469

W

further that problem variability could accelerate the

transfer of knowledge. To explain why, van

Merriënboer and Sweller (2005) argued that variability

of problem situations enables learners to identify sim-

ilar features as well as differences across a number of

different conditions. Variability is achieved by chang-

ing the contexts and conditions under which a task is

performed, learners then have the opportunity to

engage in deeper processing, building more flexible,

and well connected schemas. Thus, variability is

a strategy that generates germane cognitive load as it

leads directly to schema acquisition enabling new

knowledge to be more readily adaptable to novel

situations.

A second enhancement to worked examples is

called the completion or completion problem effect.

One concern about the use of worked examples is that

they lead to passive learning rather than the more

effective active learning. What is the guarantee that

learners will study the worked examples in enough

depth to benefit from them? One answer has been to

employ the paired alternation strategy (study one-solve

one); another is to provide learners with completion

problems. A completion problem is a partial worked

example where the learner has to complete some key

steps in the solution. Instead of the paired strategy

students are only presented completion problems.

Considerable experimental evidence has been collected

by Paas, van Merriënboer and colleagues (for

a summary see Sweller 1999) supporting their effective-

ness. To explain why they work, Sweller (1999) argued

that the inclusion of a small element of problem solving

is sufficient to ensure that learners attend to key infor-

mation and subsequently go into enough depth.

Equally important is that WM is not overloaded

because full problem solving is avoided.

A third evolution of worked examples is to combine

them with self-explanations. The work of Michelene

Chi has been particularly influential in demonstrating

that learners who attempt to explain solution steps

mentally to themselves while studying examples learn

more than learners who do not. It is generally thought

that learners who engage in such internal mental dia-

logs process information at a deeper level. Studies by

Renkl, Atkinson and colleagues have shown that self-

explanations can be effectively combined with worked

examples to facilitate learning (see Atkinson et al.

2003).
Substantial research has shown that studying a set

of worked examples is more effective than a strategy

that requires learners to problem solve an identical set

of problems. This evidence suggests that problem solv-

ing is an ineffective learning strategy. However, this is

not always the case as it has also been found that the

effectiveness of worked examples depends on the prior

knowledge of the learner. For learners with high levels

of prior knowledge, problem solving has been shown to

be superior to studying worked examples. CLT

researchers have named this phenomenon the expertise

reversal effect (see Kalyuga et al. 2003). The expertise

reversal effect, or sometimes referred to as the aptitude-

treatment-interaction, occurs when a learning strategy

that is effective for learners with low prior knowledge

becomes ineffective or harmful for learners with greater

prior knowledge. Kalyuga et al. explain this effect by

redundancy. Asking experienced learners (more

experts) to study solutions to problems, or steps in

a solution, that they are already familiar with is redun-

dant. By processing unnecessary information extrane-

ous cognitive load is created, which interferes with the

learning of new material. In contrast, by problem solv-

ing, learners are more actively engaged in creating new

knowledge. For more expert learners, problem solving

does not impact negatively on WM because of pre-

existing knowledge.

If worked examples is the best strategy for novice

learners, and problem solving is superior for more

expert learners, then how can the transition from nov-

ice to expert be best managed? Researchers have

acknowledged the importance of this question and

one solution has been to employ a fading strategy (see

Atkinson et al. 2003). Fading occurs when more and

more steps within a worked example are omitted, leav-

ing the learner to problem solve within the framework

of the worked example. As the expertise of the learner

develops more steps are left out, consequently the

learner follows a development sequence from full

worked examples (all steps shown) to problem solving

(no steps shown). Two types of fading have been iden-

tified: backward and forward. Backward fading occurs

when the last steps of the solution are omitted first,

whereas Forward fading occurs when the initial steps of

the solution are left out. Studies indicate that the back-

ward-fading strategy leads to better learning outcomes

than a forward-fading strategy (see Atkinson et al.

2003).
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Important Scientific Research and
Open Questions
There is substantial evidence that learners, particularly

those in the initial stages of cognitive skill acquisition,

benefit from studying worked examples more so than

an equivalent episode of problem solving. A number of

innovations have been made to complement the use of

worked examples, namely, variability, completion

problems, self-explanations, and fading strategies.

These innovations facilitate more active learning and

transfer, maintain attention, as well as assist the transi-

tion from novice to expert. Nevertheless, a number of

open questions still remain. With the various auxiliary

strategies that have been used in conjunction with

worked examples, such as self-explanations, the num-

ber of possible interactions that occur has expanded.

This makes it difficult at times to predict how worked

examples can best be modified to suit all conditions.

Certainly more ongoing research is needed to unravel

the complexity caused by grouping various forms of

learning strategies together.

In spite of the wealth of research evidence in sup-

port of the use of worked examples, there have been

some ongoing criticisms. One criticism has been that

worked examples have only been compared with

“lousy” control conditions, because in most cases,

worked examples have only been compared with prob-

lem solving, with little support (Schwonke et al. 2009).

However, Schwonke et al. found that worked examples

could be more effective than a cognitive tutor that

provided significant problem-solving support. This

finding is important, but rare in the literature,

suggesting that further research of this nature could

be fruitful. A second criticism is that worked examples

may only be effective in well-defined domains such as

mathematics, science, engineering, and computing.

Undoubtedly most of the initial research into worked

examples focused on these domains, but more recent

research conducted by Sweller and colleagues has found

that worked examples are effective in domains such as

English literature, foreign language acquisition, visual

arts, and music instruction. Nevertheless, the research

conducted in these more arts-based domains is rela-

tively sparse compared with the more scientific-based

domains. More research, therefore, could be conducted

outside the scientific fields.

Other criticisms have tended to be more ideologi-

cally based. Some educationalists, particularly those
who have constructivist views, consider worked exam-

ples to be a form of direct instruction, lacking the much

valued active learning and problem-solving methodol-

ogies. In a highly cited paper, Kirschner et al. (2006)

point out many of these views arguing that most of the

strategies that are proposed in place of worked

examples, such as discovery learning and problem solving,

have a very weak research and theory base in contrast to

that of worked examples. The many variations of worked

examples ensure that students engage in active learning

and problem solving. However, it has been found that

a one-size-fits-all model of problem solving is inappropri-

ate; learners need to carefully graduate to problem solving

as expertise increases. Consequently, an open question

might be, if worked examples have very limited use, then

the onus is on other researchers to scientifically prove it.

The research into worked examples suggests otherwise.
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Worked Examples

Aworked example typically consists of a problem state-

ment and a procedure or algorithm (presented in

a step-by-step format) for solving the problem. This

is then used as a guide to solving similar problems.
Workflow Design
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Synonyms
Short-Term memory

Definition
Working memory is the application of short-term

memory (STM) to tasks that require the management
of information. Because STM is limited in capacity and

duration, its effective use in tasks such as learning,

reading, and reasoning depends on making effective

decisions. Working memory is the control center for

managing cognitive operations such as attention,

encoding, integration, temporary storage, and retrieval

from long-term memory (LTM).

Theoretical Background
Theories of working memory begin with the capacity

and retention limitations of STM. GeorgeMiller (1956)

argued that the limited capacity of STM constrained

performance on tasks such as▶ absolute judgment and

▶memory span. He proposed that STM holds approx-

imately seven chunks of information. Peterson and

Peterson (1959) subsequently found that information

is quickly lost from STM if attention is not directed at

that information. For example, students were often

unable to recall three consonants following an 18-s

retention interval in which they counted backward by

threes. These and other experiments contributed to

establishing STM as a key component in early human

cognitive architectures (Atkinson and Shiffrin 1968).

The concept of a working memory was advanced

by a model proposed by Baddeley and Hitch (1974).

Figure 1a shows the three components of their model.

The phonological loop provides for speech-based stor-

age and rehearsal of verbal information. Although the

http://dx.doi.org/10.1007/978-1-4419-1428-6_1789
http://dx.doi.org/10.1007/978-1-4419-1428-6_1788
http://dx.doi.org/10.1007/978-1-4419-1428-6_1863
http://dx.doi.org/10.1007/978-1-4419-1428-6_139
http://dx.doi.org/10.1007/978-1-4419-1428-6_2001
http://dx.doi.org/10.1007/978-1-4419-1428-6_2263
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phonological coding of verbal information had

been emphasized in models of STM, Baddeley and

Hitch realized that visual/spatial information would

require its own storage component – the visuospatial

sketchpad. And finally, the central executive was needed

to manage the application of working memory to

different tasks.

Much of the research on working memory was

directed at determining which of the three components

were needed to carry out different tasks. For instance,

Baddeley (1992) reports a study in which participants

reproduced a recently viewed chessboard. As chess

players attempted to reproduce the board, they

performed a secondary task that was designed to limit

the use of a particular component of working memory.

The participants either tapped a series of keys in

a predetermined pattern to limit the use of the visuo-

spatial sketchpad, repeated a word to limit the use of

the phonological loop, or generated strings of random

letters to limit the use of the central executive. The

chess players’ ability to reproduce the board declined

when tapping keys or generating random letters

suggesting that the visuospatial sketchpad and central

executive are needed for this task. Other tasks require

other combinations of the three components.

The Baddeley and Hitch (1974) model influenced

research on working memory for the next 26 years

before Baddeley (2000) decided to expand the model

(Fig. 1b). One major addition was the linkage of work-

ing memory to LTM because information needs to be

transferred in both directions between the two stores.

A second major addition was inclusion of an episodic

buffer to integrate information in the visuospatial

sketchpad and phonological loop. For instance, you

may form a visual mental map when someone gives

you verbal directions.

Other theoretical developments have emphasized

the role of attention in working memory, particularly

in Cowan’s (1995) book Attention and Memory: An

Integrated Framework. Engle et al. (1999) built upon

these ideas by focusing on the role of the central exec-

utive in maintaining some activities in working mem-

ory while blocking out other interfering activities. The

implication is that greater capacity means that more

items can be kept active in working memory but this is

caused by a greater ability to control attention, not by

a larger memory store (Engle 2002).
Important Scientific Research and
Open Questions
In addition to the experimental research on working

memory, psychometric and brain imaging studies are

making important contributions. Kane and his collab-

orators (Kane et al. 2004) took a psychometric

approach to explore the generality of working-memory

capacity. They administered memory span tests for

verbal working memory, visuospatial working mem-

ory, verbal STM, and visuospatial STM, as well as tests

of verbal and spatial reasoning and of general ▶ fluid

intelligence. The working-memory construct was

a better predictor of general fluid intelligence and the

STM construct was a better predictor of domain-

specific reasoning. The findings support the proposal

that attention underlies the broad predictive value of

working memory capacity (Engle 2002) while domain-

specific storage is more related to the domain-specific

requirements of complex tasks.

Although Kane’s findings are consistent with

Baddeley’s (2000) model, Postle (2006) has argued

that Baddeley’s model is a victim of its own success.

Experimental research has shown the necessity of

distinguishing between the phonological loop and

visuospatial sketchpad, but neuroimaging findings

have revealed many additional kinds of processing.

For instance, the content of working memory is neu-

rally dissociable for visual attributes such as orienta-

tion, motion, manipulable versus nonmanipulable

objects, and faces versus houses. In addition, working

memory recruits other sensory areas in the brain when

the task involves auditory, tactile, or olfactory stimuli.

This would require a working memory model with

hundreds of domain-specific buffers, each responsible

for processing a different kind of information.

Postle’s (2006) proposed solution is that working

memory works through the coordinated recruitment of

information by directing attention to brain systems

that have evolved to accomplish different sensory and

action-related functions. His proposal is consistent

with the Cowan (1995) and Engle (2002) models that

focus on the centrality of attention. However, Postle

would eliminate the visuospatial sketchpad and pho-

nological loop in Baddeley’s model because of their

limitations in representing many different stimulus

characteristics. Instead, the relation between working

memory and LTM would become more central as

http://dx.doi.org/10.1007/978-1-4419-1428-6_2181
http://dx.doi.org/10.1007/978-1-4419-1428-6_2181
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attention is directed to various brain regions that pro-

cess a multimodal stream of data.

A departure from the traditional emphasis on

the capacity demands of processing stimuli is Ashcraft

and Krause’s (2007) claim that emotional states such as

anxiety can also attract working memory capacity.

When two-column addition problems required a

carry (such as 27 + 14), students with high math

anxiety had less working memory capacity to mentally

perform the task. Ashcraft and Krause argue that pre-

occupation with one’s anxiety requires part of working

memory capacity. Studying the educational conse-

quences of this finding is part of their current research

agenda.

Fortunately, the educational consequences of

a limited working-memory capacity have been exten-

sively studied for many other tasks. One of the goals of

▶ cognitive load theory (Sweller 2003) has been to

improve learning by eliminating unnecessary cognitive

load. Research by Sweller and his colleagues has discov-

ered many instructional design principles that have

produced the goal-free, worked example, problem com-

pletion, split-attention, modality, redundancy, element

interactivity, expertise reversal, and guidance fading

effects. The extensive instructional contributions derived

from cognitive load theory should serve as a model for

using cognitive theory to improve instruction.

Sweller (2003) has also become interested in study-

ing the analogy between human information

processing and natural selection. He argues that both

cognitive and evolutionary systems must continually

adapt their behavior to a complex environment and

that there is a single natural system of information that

underlies both of these processes. Sweller’s (2003) anal-

ogy to natural selection, Postle’s (2006) theoretical

formulations from neuroimaging studies, and Ashcraft

and Krause’s (2007) research on the effect of anxiety on

working-memory capacity all represent open questions

that have occurred by extending thinking about work-

ing memory in interesting new directions.

There is also a lingering open question that dates

back to Miller’s (1956) famous article on the magic

number seven. Although the number 7 represented

the approximate number of items that could be held

in STM for memory-span and absolute-judgment

experiments, it likely overestimates the number of

chunks that can be held in working memory. Cowan
(2005) effectively argues in his book Working Memory

Capacity that four chunks is a more accurate measure.

Cross-References
▶Capacity Limitations of Memory and Learning

▶Human Cognitive Architecture

▶ Learning and Fluid Intelligence Across the Life Span
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Synonyms
Active memory; Immediate memory; Primary mem-

ory; Short-term memory

Definition
Working memory is an adaptive system for

maintaining task-relevant information in an active

and accessible state for the purpose of completing

complex cognitive and behavioral tasks – hence the

term working memory. Despite continued debate over

the specific nature of working memory, there are sev-

eral basic assumptions that all researchers ascribe to its

concept: (1) that it is limited in capacity, (2) it is

structurally and/or functionally distinct from long-term

memory, and (3) specific control processes (such as

rehearsal and retrieval) act on the information held

withinworkingmemory to keep it active for ongoing use.

Theoretical Background
The concept of working memory was borne out of

growing dissatisfaction with the earlier concept of

short-term memory or short-term store, that is,

a system used for the sole purpose of storing some

amount of information for a limited time. Researchers

felt that a short-term store was far too rigid and that

such a passive store was insufficient for explaining how

humans carry out and complete the many complex

activities set before them each day, and with such

relative ease. Thus, there was a need for a new type of

construct that was flexible and dealt with both the

storage and processing of information in the interim.

Miller et al. (1960) are often credited for coining the

term working memory, but it is Atkinson and Shiffrin

(1968) treatment of the construct that first laid ground-

work for the modern conception. In the Atkinson and

Shiffrin model of memory, information is argued to

pass through three separate stores or stages: the sensory

store, the short-term store, and the long-term store. Rec-

ognizing the empirical pitfalls accompanying a fixed
short-term store, Atkinson and Shiffrin paired with it

multiple control processes, dubbing this new dynamic

construct a person’s working memory, a system, they

argued “in which decisions are made, problems are

solved and information flow is directed” (1971, p. 83).

These control processes included rehearsal, coding,

and retrieval. Rehearsal was argued to be the primary

process through which information is both maintained

in the transient short-term store and transferred to the

more permanent long-term store. In the absence of

rehearsal, forgetting occurs as traces are argued to

decay, usually within 30 s. Coding referred to the type

of information that is transferred (i.e., what aspects of

the information being processed are registered in the

long-term store). Retrieval was important for getting

the information already stored in the long-term store

back into working memory for current processing or

output.

The work of Atkinson and Shiffrin (1968)

represented an obvious advancement in how memory

researchers conceptualized short-term memory (and

the human memory system more broadly), however,

with praise came critique and it was not long before

researchers began proposing alternatives. Arguably the

most celebrated of these alternatives is the multi-

component model of working memory proposed by

Baddeley and Hitch (1974). In their seminal chapter

in the Psychology of Learning and Motivation, Alan

Baddeley and Graham Hitch proposed a model of

working memory characterized by multiple stores,

each with a capacity for processing specific types of

information. In its original formulation, the Baddeley

and Hitch model of working memory contained three

distinct components: two slave systems, the phonolog-

ical loop and the visuo-spatial sketchpad, headed by

a supervisory, master system, the central executive. As

suggested by their names, the phonological loop and

visuospatial sketchpad are responsible for the storing

and processing of auditory and visual content, respec-

tively. The central executive acts upon the subsidiary

components as a coordinator, organizing the interplay

between the two buffers and long-term memory. Its

primary functions include the allocating of attention

to the slave systems when necessary, planning future

actions and behaviors to solve problems, and for the

control of information processing, more generally.

More recent work by Alan Baddeley (2000) has seen

the addition of a fourth component, the episodic buffer,

http://dx.doi.org/10.1007/978-1-4419-1428-6_3063
http://dx.doi.org/10.1007/978-1-4419-1428-6_4291
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argued to provide temporary storage of information

held in a multimodal code, which is capable of binding

information from the subsidiary systems and long-

term memory into a unitary episodic representation.

The basis for the multi-component model arose out of

work examining the costs associated with doing two

tasks concurrently – the logic being that if two tasks rely

on the same processing mechanisms, they should show

interfering effects on one another. Baddeley and Hitch

found that two tasks interfered with each other only to

the extent that they were of similar kind. Specifically,

they showed a double dissociation: Verbal tasks inter-

fered with verbal short-term memory but not visual

short-term memory, and visual tasks interfered with

visual short-term memory but not verbal short-term

memory, thus, giving reason for separate buffers

responsible for different modes of information.

Baddeley and Hitch’s working memory model has

been both an empirical and theoretical tour de force and

is still widely considered the single most influential

model of working memory among many researchers

in the fields of cognitive psychology and neuroscience

today. Despite its popularity, however, the multi-

component model of Baddeley and Hitch is not with-

out its detractors, one of the more vocal critics being

Nelson Cowan, who regards working memory not as

a separate multi-component system, but as a part of

long-term memory.

Cowan’s (1999) embedded-processes model of work-

ing memory proposes that maintenance, rehearsal, and

retrieval processes work upon activated traces of long-

term memory, rather than separate representations

held in the domain-specific storage structures of

Baddeley and Hitch’s model. In the embedded-

processes model, memory is considered a unitary con-

struct but with three distinct levels of activation:

(a) inactive representations of long-term memory, (b)

an activated subset of long-term memory considered

the short-term store, and (c) a subset of the activated

representations in the short-term store available to

conscious awareness labeled the focus of attention. The

short-term store and the focus of attention collectively

make up working memory and are subject to specific

limitations. In the short-term store, any number of

long-term memory representations can be activated

at any one time but the level of activation decreases

over time, typically in the realm of 10–20 s unless

reactivated. In contrast, the focus of attention is limited
by its capacity rather than by time. Specifically, Cowan

argues individuals can maintain only 3–5 unrelated

items in the focus at once, all of which are susceptible

to displacement back into the short-term store by new

information. Cowan also posits that managing the

memory system is a central executive, similar to the

model of Baddeley and Hitch, that is responsible for all

control processes. The focus of attention, in particular,

is regulated (in part) by the central executive while also

being controlled by involuntary mechanisms. Beyond

the coding of new information, the central executive is

also integral to the activation of stored representations

in long-term memory.

Important Scientific Research and
Open Questions
One of the more significant findings in research on

working memory is that working memory capacity

measures strongly predict a broad range of higher-

order cognitive capabilities, including language

comprehension, reasoning, and even general fluid

intelligence. These complex span tasks require the

simultaneous maintenance of some information in

the face of distraction from secondary processing activ-

ity (e.g., remembering a list of words in serial order

while solving complex math problems). Statistical

techniques such as structural equation modeling have

been used to demonstrate that variance common to

these complex span tasks are positively related to var-

iance across a number of attention, memory, and intel-

ligence measures such as the anti-saccade task, delayed-

free recall, and Raven’s Advanced Progressive Matrices,

to name a few (Unsworth and Spillers 2010).

Given the broad implications of working memory

for higher-order cognition, a hot topic of recent

research has been the idea that working memory can

be trained. Though no one disagrees that working

memory is limited, researchers have argued that in

theory, working memory is like a muscle, that if

exercised or trained, could increase its capacity for

performing a number of complex cognitive tasks. For

example, Chein and Morrison (2010) had participants

perform an initial battery of tasks (including measures

of working memory and fluid intelligence) before

beginning a 4-week training regimen on a complex

working memory span measure. Chein and Morrision

found that after training, participants performed better

on certain tasks (e.g., those requiring cognitive control
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or reading comprehension) in a follow-up cognitive

battery compared with a control group of participants

who were not trained in the interim. Although the

work of Chein and Morrison (2010) and others have

found positive support for training, these effects are

not robust and have not been generally consistent from

study to study. Therefore, the validity and implications

of working memory training remains an open question

and will likely serve to drive working memory research

for years to come.

The concept of working memory owes much of its

existence to research with brain-injured patients who

show deficits in short-term memory functioning but

not long term and vice versa. With the advent of EEG,

MEG, and fMRI technology, however, researchers have

been able to manipulate and observe the brain

nonsurgically and within healthy individuals. Converg-

ing evidence from these approaches has implicated the

prefrontal cortex (PFC) as the primary contributor to

working memory functioning. Specifically, the PFC has

been found to play a pivotal role in both the active

maintenance of information and the strategic retrieval

of representations from long-term memory. The ante-

rior cingulated cortex (ACC) has also been suggested by

researchers as an important component of working

memory, used for monitoring the amount of control

needed in a given task and biasing the PFC accordingly.

Finally, to the extent that working memory is believed

to interact with long-term memory (as suggested by

Nelson Cowan and others), the medial temporal lobe

(MTL) is argued to contribute to the processing of

information in working memory, given its role in the

formation and storage of long-term memories

(Unsworth and Engle 2007). Thus, working memory

can be considered neurally as a distributed network in

the brain in which several different areas act in parallel

to process, maintain, and store information.

Cross-References
▶Human Cognition and Learning

▶Human Information Processing

▶Memory Dynamics

▶ Short-Term Memory and Learning

▶Verbal Behavior and Learning
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Synonyms
Learning through practice; On-the-job learning;

On-the-job training; Practice-based learning

Definition
The term workplace learning usually refers to the

processes of learning through and for engaging in paid

employment: on-the-job learning or learning through

work. As a term, workplace learning emphasizes that

particular contributions to individuals’ learning pro-

vided and secured through engaging in work activities

and interactions within workplaces or work practices.

These contributions are often taken as being of

a different kind than those accessible through participat-

ing in educational institutions. A particular quality asso-

ciated with workplace learning experiences is that they

are held to be authentic instances of the occupational

practices individuals need to learn. In this way, these

experiences provide access to knowledge that is more

readily applicable to the target occupational practice of

which it is an instance than the knowledge accessed in

settings whose experiences are not perceptibly aligned

with the occupational, such as those in educational

institutions. However, the term workplace learning also

emphasizes learning, rather than teaching or training,

thereby positioning it as being often as something occur-

ring outside of educational provisions. The outcomes

can lead to a concern that, in the absence of teaching and

teachers, this learning may be less rich, ad hoc, narrow,

and reductionist.

Theoretical Background
Considerations about learning through work or on-the-

job learning have long existed and been emphasized over

human history as a way in which individuals learn occu-

pational practices. Indeed, across human history the vast

majority of human learning of these practices has

occurred through practice. Across cultures as diverse as

those from Europe, Central Asia and China, the capac-

ities required to feed and provide shelter for populations,
build artifacts and structures for practical, cultural, reli-

gious, and state purposes have overwhelmingly been

learnt through the practices that generate them (i.e.,

work). However, within Western culture dating back to

Ancient Greece was a fostering of beliefs by the likes of

Socrates and Plato, that the work of artisans and artists

were best learnt through practice, often with the family’s

business. Specialized educational provisions were

restricted to the professions, because it was held that

only the complexity of these occupations required that

kind of preparation. The others could be learnt through

observation, imitation, and practice. These family-based

settings and mode of support for learning persisted and

were seen as effective across much of Western history,

exemplified by apprenticeships. Yet, with the advent of

mass education, learning through practice and in work-

places has become seen to be less desirable because such

settings lack the qualities attributed to legitimate learn-

ing environments such as schools, colleges, and univer-

sities. Indeed, the absence of trained teachers, written

curriculum, and classroom-type arrangements led to

workplaces being described as informal learning envi-

ronments (Marsick andWatkins 1990), with claims that

only concrete (i.e., nontransferable) learning arises

within them. However, ironically, it was concerns

about the lack of the transferability of knowledge learnt

in educational institutions that lead to development

and wide embracing of explanatory accounts of learn-

ing and practice provided by the situated cognition

movement. Indeed, it is’ concepts like such as commu-

nities of practice and apprenticeship models of learning

that has led to a fresh interest in learning through

workplace settings. This interest is intense when the

goals of educational programs are about understanding

the world of work, and more so when specifically devel-

oping the capacities required for effective performance

within occupations. Consequently, in recent times

there has been growing interest in understanding learn-

ing through workplace experiences and, sometimes,

how these experiences can be linked to the curriculum

within higher education and vocational education

institutions. Indeed, at this time, all sectors of educa-

tion are taking an interest in workplaces as learning

environments. Schools are interested in assisting stu-

dents understand the world of work beyond school as

well as developing employable capacities. Vocational

education, which has long engaged with workplaces,

still sees these experiences as being essential to

http://dx.doi.org/10.1007/978-1-4419-1428-6_4729
http://dx.doi.org/10.1007/978-1-4419-1428-6_5149
http://dx.doi.org/10.1007/978-1-4419-1428-6_5150
http://dx.doi.org/10.1007/978-1-4419-1428-6_5290
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preparation for specific occupations and the assess-

ment of student achievement. Moreover, as programs

in universities increasingly have specific occupational

outcomes, the contributions of workplace experiences

are becoming ever more central to higher education

curriculum. Therefore, theoretical explanations of

learning through work and the means of directing

those experiences for particular learning outcomes are

becoming gradually more the focus of educators’ and

researchers’ considerations across all educational

sectors.

Much of the theoretical explanations of learning in

workplaces came initially from anthropological-like

studies emphasizing the importance of participating

directly or indirectly in settings where culturally

derived practices, such as occupations, to learn

about and come to practice them. These explanations

are also informed by theories, such as social construc-

tivism, activity systems, communities of practice,

habitus, and distributed cognition, which emphasized

the social and cultural contributions to individuals’

construction of knowledge in workplaces and through

work activities. A key emphasis within these theoret-

ical explanations is how social forms, structures, and

partners shape learning experiences within social

settings such as workplaces and provide access to

knowledge and ways of knowing that have historical

and cultural geneses. Hence, the contributions of

these physical and social settings are at the forefront

of many of the discussions about providing and medi-

ating access to the knowledge required for work activ-

ities. Indeed, many of the advances within these

theoretical positions that have been used more widely

over last two decades (e.g., cognitive apprenticeships,

communities of practice, activity systems) have been

founded in enquiries into learning in workplace set-

tings. These contributions have done much to empha-

size that beyond direct teaching there are a range of

sources that shape individuals’ learning outcomes

arising from their participation in physical and social

settings. From anthropology came accounts of the

importance of being able to participate in and observe

these practices and engage with artifacts, norms, and

forms, from Russian-inspired psychological move-

ments have come the importance of being guided by

expert partners (i.e., Zone of Proximal Development)

and individuals’ learning through appropriating

socially derived practices, as with appropriation.
More recently, has come the idea that some work-

places are inherently more generative of learning

that is expansive or restricted (Fuller and Unwin

2004). In all, it is suggested that the norms, practices,

and artifacts available in the settings can be richly

informative.

However, augmenting these explanations is the

need to account for the active engagement of learners

in the process of constructing knowledge. More than

merely engaging in a social setting and being socialized

by that experience, individuals are selective in how and

what they engage with and through which their learn-

ing is mediated. Bolstering this view is a growing accep-

tance that learning is an ongoing process and not

differentiated from everyday thinking and acting

(Rogoff and Lave 1984). That is, learning is merely

a part of everyday cognition, because knowledge is

constructed through engaging in goal-directed activi-

ties from which there are particular cognitive legacies

(i.e., kinds of learning). Theoretical explanations

acknowledging the agency of the learner emphasize

the importance of individuals’ active engagement and

learning through participation in practice. These

accounts suggest that it is necessary to consider how

individuals construe and construct what they experi-

ence in workplaces or any other settings. Indeed, when

the contributions of learning through work practice are

considered much of it is dependent upon the actions of

the learners. For instance, Billett (2001) identifies the

combination of engagement in everyday activities,

indirect guidance through observing and listening,

opportunities to engage in practice and direct guidance

by more experienced partners. Yet, to a greater or lesser

degree, all of these contributions require active engage-

ment and intentionality by learners. So, beyond what is

available to them in the social and physical setting of

the workplace, they ultimately elect how and what they

engage with and what kind of learning arises for them.

Of course, some theorists who privilege the suggestion

of the social world view such sentiments as being close

to individual determinism. They argue that there are

clear constraints on individuals’ activities and interac-

tions in workplace settings, which are the product of

social forms, norms, and structures.

To both accommodate the contributions of the

personal and the social and reconcile these tensions,

Billett (2006) proposes that learning through work can

be explained as a duality. On the one hand, there is the
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affordances – the degree by which the workplace is

invitational to individuals to engage and participate,

and on the other hand, there is how individuals elect to

engage with what they are afforded. He suggests that

interaction between affordances and engagement com-

prises a relational interdependence between the social

and personal. By emphasizing dualities, rather than

dualisms, he proposes that learning is an active process

exercised continually by individuals yet, it occurs inways

which are relational in terms of personal bases for con-

struing and constructing knowledge, on the one hand,

and a diverse ways in which workplace settings exercise

their affordances. Yet, beyond these relational negotia-

tions, there is an interdependence underpinning indi-

viduals’ learning through work. Individuals need to

engage with and utilize knowledge from workplace set-

tings in order to learn and practice.However, individuals

secure the continuity of the social setting, occupation,

and cultural practice by engaging in, remaking, and

transforming that practice at particular points in time,

in particular situations and in response to specific prob-

lems they are addressing. Work is conducted in work-

places that have particular practices and meet the needs

of particular clientele, whose needs and responses to

those needs are not consistent and change over time.

Hence, there is interdependence between the social and

personal imperatives that comprise the negotiations

between what individuals know and come to experience

when learning through work.

Conceptions associated with not only what the

workplace affords individuals, but also how individ-

uals engage are important in advancing conceptions of

curriculum, pedagogy, and epistemology for the

workplace. As noted, what has been found is that in

workplace learning environments much of the empha-

sis of the learning process is on how individuals

engage with the activities and interactions they

encounter. Consequently, key bases for their learning

such as observing and listening, engaging in activities

and engaging in practice of those activities are shaped

by individuals’ efforts. Therefore, although concepts

of curriculum and pedagogic in educational settings

are largely premised upon what individuals other than

the learners do (with the exception of the “experi-

enced” curriculum), what the learners do is central

to conceptions of curriculum and pedagogic within

workplace settings. For instance, in her classical study

of tailoring apprentices, Lave (1990) indicates that
although the curriculum was set out in terms of

a series of activities in which the apprentices engaged,

most of their learning occurred through progressing

through a set of activities largely without the direct

guidance of more expert partners. Moreover, given

the importance of the agency of the learner, consider-

ations of personal epistemologies seem to sit well

within considerations and augmenting practice-based

curriculum and pedagogy.

Important Scientific Research and
Open Questions
There are important scientific agendas for understand-

ing more about workplace learning experiences that

include the processes of that learning and the kinds of

learning that occur. Viewing learning settings as being

both a social and physical environment that affords

experiences and places where individuals elect how

and to what degree they engage and learn, and viewing

these as relational seems to be helpful for understand-

ing processes of learning through diverse workplace

experiences and for work. However, the nature of

these relations and their outcomes need to be under-

stoodmuchmore fully. One example of this situation is

how workers who are relatively socially isolated come

to learn the knowledge required for work. That is, many

and perhaps most workers engage in practice and learn

in the absence of more experienced coworkers, partic-

ularly across working life beyond their initial prepara-

tion. Therefore, it is important to understand how this

learning progresses in contemporary workplaces. This

question is also central to understanding more fully

how inter-psychological processes (i.e., those between

individuals and social sources) progress, when the

access to expert guidance is either remote or absent.

What Are the Kinds of Knowledge
That Are Learnt Through Different
Kinds of Workplace Learning
Experiences?
There are also considerations of what kinds of knowl-

edge are learnt through particular kinds of workplace

experiences. Although erroneously it is suggested that

“practice” or procedural knowledge is best learnt

throughworkplace experiences, (and theory or concep-

tual knowledge is learnt through educational institu-

tions) it has been shown that conceptual, procedural,

and dispositional dimensions occupational knowledge
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are learnt through practice. Yet, beyond these findings,

and in order to inform what knowledge is best learnt in

practice and educational settings.

A more comprehensive account of the kinds of

learning that arise through particular kinds of work-

place experiences is warranted. In particular, we need to

know more about how forms of knowledge that is

difficult to learn (e.g., conceptual knowledge) can be

best learnt. This kind of knowledge is becoming impor-

tant to contemporary work practice.
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The Würzburg School or Würzburg School of thought is
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controlled introspection or systematic experimental

self-observation and new insights in the psychology of

thought at the beginning of the twentieth century. The

term was probably characterized by Albert Edouard

Michotte (1881–1965) in a publication of 1907 and

was initially used in French literature before it experi-

enced a worldwide success. The nameWürzburg School

implied a strong reference to Oswald Külpe who was

the head of the psychological institute between 1896

and 1909. But it would be historically incorrect to

designate Külpe as the leading character of the

Würzburg School. Besides Oswald Külpe there was

a group of young scientists like Narziss Ach, Karl

Bühler, Karl Marbe, August Mayer, Johannes Orth,

Otto Selz, and Henry J. Watt who were usually counted

as members of the Würzburg School.

Theoretical Background
At the end of the nineteenth century, two theoretical

approaches were wide spread and dominating within

psychology: (1) the old Aristotelian conviction that the

soul never thinks without an image, which was one of

the main fundaments of ▶ associationism represented

by British empiricists like ▶ John Locke (1632–1704),

David Hume (1711–1776), and ▶ John Stuart Mill

(1806–1873) or in Germany by ▶Hermann

Ebbinghaus (1850–1909), Georg Elias Müller (1850–

1934), and Theodor Ziehen (1862–1950); (2) Wilhelm

Wundt’s (1832–1920) opinion that only elementary

psychical processes and sensations were accessible by

experimental methods.

From his point of view, higher mental processes can

only be analyzed by the comparative methods of an

ethnopsychology (Völkerpsychologie).

In 1894, Oswald Külpe (1862–1915), the

longstanding assistant of Wundt in Leipzig, was

appointed for the chair of philosophy and aesthetics

at the University of Würzburg. From today’s perspec-

tive, it is astonishing that Külpe was not the first choice

of the University. In fact, he was number three on the

appointments list after Theodor Lipps (1851–1914)

who went to Munich and Richard Falckenberg (1851–

1920) who remained in Erlangen. But the University of

Würzburg seems to have a lucky hand with number

three appointments because only a few years before in

1888, Wilhelm Conrad Röntgen the discoverer of the

X-rays, was number three on the appointment list as

well. In 1894, Röntgen was the head of the University of
Würzburg and signed Külpes certificate of

appointment.

Similarly as his teacher Wundt in Leipzig, Külpe

founded the psychological institute in Würzburg in

1896 supported by Karl Marbe (1869–1953). At that

time, Marbe has just finished his “Habilitation” (post-

doctoral qualification) and started to work as a private

lecturer in the newly founded institute. While Külpe

was more interested in philosophical questions, Marbe

began to work experimentally on psychological topics

and methods. In 1900, he initiated an experiment with

the goal of analyzing the qualitative differences of asso-

ciations in detail instead of simply classifying them

according to logical criteria as it was common use.

August Mayer (1874–1947) and Johannes Orth

(1872–1949), two of Marbe’s students, performed this

experiment by using a rather simple task: either Mayer

or Orth shouted one of more than 400 different stim-

ulus words to their subjects with the instruction to

react verbally on that stimulus word. Directly thereaf-

ter, the subjects had to tell the experimenter all con-

scious experiences (Bewusstseinsvorgänge) between

hearing the stimulus word and their reaction word.

The crucial point of Mayer’s and Orth’s results is the

fact that their subjects reported in many trails con-

scious processes which were completely imageless and

neither perceptions nor acts of will and they were

virtually unable to describe them in more detail.

These newly discovered conscious experiences were

completely incompatible with the associanistic doc-

trine. Following a suggestion of Marbe, Mayer and

Orth called them states of consciousness

(Bewusstseinslagen). In 1901, Marbe was able to repli-

cate the new phenomenon of the states of conscious-

ness in his studies of judgments. He used again the new

method of controlled introspection. Contrary to Mayer

and Orth, he chose more difficult judgment tasks in

order to provoke extensive conscious processes.

Marbe emphasized that judgments are without

doubt higher mental acts and that the method of con-

trolled introspection is – in contradiction to Wundt’s

view – applicable to investigate them experimentally.

Another evidence against associationism was

worked out by Narziß Ach (1871–1946). He started

his investigations at the University of Würzburg in the

summer term of 1900 with a variety of reaction time

and hypnotic experiments and continued them in the

following years in Göttingen. In addition to Marbe’s
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research on judgments, he turned toward another

higher mental process: the analysis of the will. Ach

used the introspective method too, but he called it

systematic experimental self-observation. Similar to

Henry J. Watt (1879–1925), who was another member

of the Würzburg School, he improved this method by

fractioning the observing period into three parts:

(1) a fore-period including the time between a ready-

signal and the appearance of the stimulus; (2) the

main-period between the perception of the stimulus

and the reaction, which includes the actual experience

to be investigated; and (3) the after-period following

the reaction in which the subjects described their expe-

riences. The consideration of the collected self-

observations of the fore- and main-period revealed

once again states of consciousness which were sub-

sumed by Ach under his broader concept of awareness

(Bewusstheit), which means the presence of an

imageless knowing that something is of importance

or not in the concrete case. Besides the concept of

awareness, Ach drew the even more important conclu-

sion that the course of the thinking process is not only

determined by associative and persevering reproduc-

tive tendencies, but additionally by determining tenden-

cies. The usually unconscious determining tendencies

arise with the acceptance of the task by the subject.

They have their origin in the goal presentation and

act like ▶ attitudes in the sense of or according to the

goal presentation in order to realize it.

Since Ach and Marbe had left Würzburg, Karl

Bühler (1879–1963) continued the experiments about

thought under the guidance of Külpe. In his investiga-

tions, Bühler applied rather difficult comprehension

and decision tasks, e.g., “Did the Middle Ages knew

the pythagorean theorem?” or “Does the monism really

imply the negation of the personality?” A careful anal-

ysis of the protocols of his subjects led Bühler to the

following conclusions: First of all, he reasoned that only

the thoughts can be regarded as the essential parts of

our thinking experiences and they can be completely

imageless. These thoughts can be differentiated into

several types. Some of the most important are men-

tioned below:

● The Regelbewußtsein (consciousness of a rule):

This means e.g., the knowing how to solve

a problem in general or the consciousness of

a method of solution.
● The Beziehungsbewußtsein (consciousness of rela-

tion): This type of consciousness subsumes thoughts

which are in some kind of relation to each other, e.g.,

one is the opposite or the consequence of the other or

which includes relations in itself.

● The Intentionen (intentions): The most striking

thought experiences are the intentions, which are

signitive acts of meaning in the sense of Husserl

(1859–1938).

● The Aha-Erlebnis (the aha experience): The aha

experience is the sudden completion of understand-

ing following usually to a moment of hesitation.

● The Erinnerungserlebnis (the experience of remem-

bering): This is a kind of an imaginary conscious

relation to earlier experiences without reliving them.

Already Bühler’s first publication led to an extensive

methodological and theoretical controversy between

Wilhelm Wundt and himself. To some extent, it was

this public controversy which made the Würzburg

School very popular in broad scientific circles.

It is arguable whether Otto Selz (1881–1942) should

be added to the scholars of the Würzburg School (e.g.,

Mandler 2007). The fact is that he joined Külpe as

recently as in 1910 after Külpe followed his appoint-

ment to the University of Bonn in 1909. Selz had

already finished his doctoral thesis with Theodor

Lipps in Munich (1909) and started his investigations

of thinking with Külpe and Bühler in Bonn. He final-

ized these studies in 1912 with the disputation of his

postdoctoral thesis: “On the laws of the ordered

thought process.”

As an extension to his predecessors, Selz regarded

thinking as a holistic process integrating reproductive

thinking and productive thoughts under the guidance

of an overall task which leads to schematic anticipations.

The most primitive drive in mental life is the desire for

something. This desire implies an anticipation of its

final state and this anticipation has to be schematic

because not all conditions for reaching the desired

goal are known. For this reason, the schematic antici-

pations can be considered as the driving and goal-

directed forces for all mental operations. Selz was the

first who directed the scientific focus on the processes

of thought and not on its contents and who developed

an early process-theory of thinking. In view of this

performance, it is even more remarkable that Selz is

still neglected to a great extent.

http://dx.doi.org/10.1007/978-1-4419-1428-6_3258
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Important Scientific Research and
Open Questions
The approaches of the Würzburg School – which

meanwhile is about 110 years old – led to various

results still of significance. First of all, the discovery of

imageless thoughts, states of consciousness, or aware-

ness produced considerable doubts about the correct-

ness of associationism. Second, “the Würzburgers”

demonstrated in many investigations that higher men-

tal processes are experimentally accessible. Third,

Henry J. Watt, Narziß Ach, and Otto Selz worked out

the importance of the task which motivates and directs

the way of thinking by determining tendencies or sche-

matic anticipations.

Nowadays, we can find several traces of the

thoughts of the Würzburg School in scientific litera-

ture. Gollwitzer (1999) for example introduced the

concept of implementation intentions which can be

related to Ach’s determining tendencies. In the imag-

ery-debate, Stephen Kosslyn and James Pomerantz

(1977) and Zenon Pylyshyn (1973) argued about the

cognitive reflections of perceptions especially about the

questions if they are figurative ideas or imageless prop-

ositional concepts. And Selz is recognized to be

a pioneer of a theory of human problem solving

(Newell et al. 1958). Finally, the seminal work of the

Würzburg School and the following investigations,

concepts, and theoretical approaches have to be

regarded as the longstanding attempt to solve the still

open question about the language of the mind.
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